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CHAPTER I. INTRODUCTION 
Short-run market Instability Is currently cited as a major problem 
within the livestock-feed economy (23). This instability is particularly 
evident in the hog and pork sectors. Instability in farm production and 
prices, moreover, is related to operating and pricing instabilities at the 
processing, wholesaling and retailing levels. Because of variability in 
output, sales and prices, labor productivity is lower and excess capacity 
is larger for the several segments of the livestock-meat economy. In addi­
tion, consumer satisfaction may be affected adversely by frequent changes 
in meat prices and available meat supplies. 
Cyclical and Seasonal Variability 
The variability in hog production and prices involves a cyclical 
component and a seasonal component. Several recent studies in which these 
two components of variability in hog production have been discussed re­
ferred to a four-year output and price cycle. Harlow, for example, found 
», 
that e&pirically a four-year hog production cycle in the context of the 
cobweb theorem explained rather well the price movements since 1950 (20). 
After analyzing empirical and logical relationships among such variables 
as the number of pigs saved and of hogs slaughtered, and average hog prices, 
Harlow constructed an hypothetical relationship between these variables 
for the period of the hog cycle. These relationships that can be summarized 
in general are as follows: (a) current price is the basis for production 
plans of the next time period; (b) production plans remain unchanged until 
the beginning of the next production period; and (c) short-run supply and 
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demand equilibrium establish the market price level. Similarly, Dean and 
Heady (10) and Shepherd (57) also have utilized the cobweb theorem in 
their studies of demand and supply relationships for hogs. 
Breimyer, in an earlier study, concluded that "some farmers adjusted 
their hog enterprise directly according to their own corn supply" (5). 
Rather than the immediate supply of com, hog producers may be concerned 
primarily with the expected price of com that must be purchased to supple­
ment farm-produced com supplies. Differences in producer behavior would 
vary, however, with differences in farm organization. In any event, a 
reduction in the variability of com prices, or the hog-com ratio, or the 
farm-supply of com, presumably would lead to a reduction in the variabi­
lity of pork output and prices. 
Seasonal veiriabilities in hog and pork supplies were considered by 
Tolley and Harrell in their econometric model for pork inventories in the 
meat packing industry (63), More recently, Maki has attempted to account 
for annual and quarterly shifts in the level of hog inventories and pork 
production by using a system of equations in a recursive model of the beef 
and pork output sectors (U2), Empirical results of the latter study also 
show a four-year pork output cycle of decreasing amplitude. 
In addition to cyclical and seasonal variability in hog supplies, the 
instability of hog prices may be attributed partly to changing short-term 
patterns of interregional competition in the hog-pork economy. This is 
particularly evident for pork production, which is concentrated in the 
West Northcentral and East Northcentrai states. Each of these regions are 
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identified in Figure 1.^  
To illustrate the source of price instability introduced by changing 
hog supplies, the peak and low years for the number of sovs on farms, Janu­
ary 1 and sows farrowing, are shown by region in Figures 2 and 3, and cor­
responding tables. For purposes of comparison. Figure 4 and Table 3 shows 
the peak and low years of commerical hog slaughter in liveweight, by region, 
since 1955» Finally, in Figure 5 the high seasonality of commercial pork 
production is illustrated by the range in output between low and high 
months of production during the 14-year period, 1947-60. During the latter 
part of this period, however, the range between the two months of extremely 
high and low production narrowed substantially, though the cyclical pattern 
of production persisted throughout the 14-year period. 
As shown in Figures 2, 3, and 4, and Tables 1, 2, and 3, the East 
Northcentral region and the West Northcentral region have been the two 
principal production regions for hogs and pork. Farm inventory and pro­
duction relationships are changing in these two regions, however, partly 
as a result of the increase in multiple farrowings and the productivity 
of the breeding stock. Thus, inventories of sows declined at the beginning 
of the year and for the entire year. These two phenomena were not limited 
to the Northcentral states, but are evident in each of the seven regions. 
Despite the decline in farm inventories of sows in the Northcentral 
states, hog production increased during the period since 1955 and particularly 
"^ ese regions were used, also, in the study by Maki, Liu, and Motes, (46). The roman numerals Eire identified in Table 1. Finally, the transporta­
tion centers specified in Figure 1 are these used for the programming model. 
Figure 1. Livestock regions of the United States, and respective transpor­
tation centers 
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Figure 2. Total number of sows on hand, January 1, by region, 
1955, 1958 and 1960 
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Table 1. Total number of sows on hand, January 1, by region, 1955, 1958, 
and 1960 
Region Code 1955 1958 1960 
(1,000 head) 
Northeast I 196 160 170 
East Northcentral II 2,586 3,417 2,369 
West Northcentral III 4,538 3,978 3,754 
Southeast IV 1,198 1,309 1,403 
West Southcentral V 350 307 338 
Mountain VI 88 87 102 
Pacific VII 107 97 98 
Total 4,063 8,355 8,234 
Table 2. Total number of sows farrowing by region, 1955, 1958 and 1960 
Region Code 1955 1958 1960 
(1,000 head) 
Northeast I 321 260 254 
East Northcentral II 4,281 4,112 4,067 
West Northcentral III 6,472 6,027 5,684 
Southeast IV 1,968 2,112 1,938 
West Southcentral V 591 524 459 
Mountain VI 141 134 141 
Pacific VII 165 160 140 
Total 13,939 13,329 12,683 
Figure 3. Total number of sows farrowing by region, 1955, 1958 and 1960 
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Figure 4. Total liveweight of hogs slaughtered by region, 1955, 1958 
and 1960 
LEGEND 
^ -1955 
-1958 
-I960 
NORTH 
EAST 
EAST WEST 
NORTH- NORTH-
CENTRAL CENTRAL 
SOUTH 
EAST 
WEST 
SOUTH-
CENTRAL 
MOUNTAIN PACIFIC 
14 
Table 3. Total llvewelght of hogs slaughtered by region, 1955, 1958 
and 1960 
Region Code 1955 1958 1960 
(million pounds) 
Northeast I 1,758 1,629 1,609 
East Northcentral II 4,588 4,343 4,684 
West Northcentral III 7,634 7,139 8,122 
Southeast IV 1,788 1,980 2,536 
West Southcentral V 708 631 665 
Mountain VI 350 338 386 
Pacific VII 777 633 657 
Total 17,603 16,693 18,658 
Table 4. Total llvewelght of hogs slaughtered in the United States 
during peak and low month slaughter, 1947-60 
Year Peak Low Yearly 
month month average 
(million pounds) 
1947 1,864 933 1,277 
1948 1,784 810 1,229 
1949 1,848 1,042 1,308 
1950 1,940 1,097 1,389 
1951 1,966 1,245 1,525 
1952 2,080 1,138 1,536 
1953 1,842 1,001 1,306 
1954 1,783 1,059 1,296 
1955 2,035 1,049 1,467 
1956 1,888 1,218 1,519 
1957 1,606 1,206 1,409 
1958 1,661 1,230 1,391 
1959 1,960 1,373 1,609 
1960 1,822 1,253 1,554 
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since the low-production year, 1958. The relative importance of the two 
Northcentral regions has diminished., however, because of the Southeast. 
In the latter region, hog slaughter increased for each of the two periods 
— 1955-58 and. 1958-60. The expansion of hog slaughter in the Southeast 
could, be attributed, to an increasing productivity of the hog enterprises 
in the Southeast, a greater diversion of locally produced hogs to nearby 
slaughtering plants, and an expansion of slaughter hog shipments to the 
Southeast. In any event the relative competitive position of the slaught­
ering plants in the Northcentral states has changed and, thus, to this 
extent the hog market structure in the Northcentral states also has changed. 
If the new slaughtering facilities in the Southeast (and other regions) are 
more efficient than the facilities in the Northcentral states, hog prices 
in all regions would be affected by competition for limited hog supplies 
at the processing level. 
In Figure 5 and Table k are illustrated the changing seasonal pattern 
of hog marketings and pork production from the November-to-April "glut" to 
a more uniform monthly pattern of earlier fall marketing and larger summer 
marketings. The volume of marketings has stabilized from the 19^ 7-^ 9 level, 
when the range between the high and the low month of a calendar year was 70 
percent of the average monthly slaughter, to the 1958-60 level, when the 
range was 36 percent of the average monthly slaughter. 
Regional levels of employment in the meat packing industry are shown 
in Figure 6 for the three census years.— 19^ 7» 195^  and 1958. Again, the 
dominant position of the two Northcentral regions is apparent (as it was 
from the data on commercial slaughter). In addition. Figure 6 and Table 5 
reveal the increasing productivity of labor, particularly in the 
Figure 5. Total liveweight of hogs slaughtered in the United States during 
peak and low months of slaughter in each calendar year, 1947-60 
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Figure 6. Total employment in the meat packing industry, by region, 1947, 
1954 and 1958 
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Table 5. Total employment in the meat packing industry, by region, 1947, 
1954 and 1958 
Region Code 1947 1954 1958 
(number) 
Northeast I 25,970 26,182 22,666 
East Northcentral II 58,451 59,066 48,210 
West Northcentral III 72,996 75,481 71,254 
Southeast IV 15,913 21,693 24,084 
West Southcentral V 15,109 15,718 15,440 
Mountain VI 5,968 7,062 6,843 
Pacific VII 14,031 14,988 12,286 
U.S. 208,348 219,520 200,783 
Northcentral states. 
The increasing productivity of labor in meat packing has been achieved 
partly as a result of the reduction in seasonal output variability and 
partly as a result of technological improvements in the form of new facili­
ties and processes. By 1960, month-to-month and year-to-year variability 
had declined substantially for the entire meat packing industry, as sug­
gested earlier in Figure 5. Thus, some underutilization of resources 
probably occurred during the year inasmuch as the variability in production 
was somewhat larger than the variability in employment. 
Because of the existing patterns of output and price variabilities in 
hog marketing, further study of alternatives procedures for scheduling 
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employment and other activities in the hog and pork sectors was deemed 
appropriate. To more effectively schedule resource employment in the hog 
and pork production sectors, a prediction and planning model of the live-
stock-meat economy was developed as the central contribution of this study. 
Objectives of Study 
The initial objectives of this study were (a) to identify various 
causal relationships in pork production and pricing and (b) to estimate 
the explanatory power of the various factors in the causal chain. With 
this information, additional objectives were recognized, namely, (c) to 
develop forecasting procedures for making annual, semi-annual and quarter­
ly estimates of future pork production, prices and consumption in the 
United States and its regions, and (d) to devise mathematical programming 
procedures that would yield optimum patterns of interregional pork ship­
ments for purposes of obtaining estimates of normative and projected future 
competitive conditions in the hog markets, and reducing costs of inter­
regional pork transfers within the entire meat industries and providing 
a better basis for managerial decision making with respect to plant and 
storage facility requirements. 
These objectives were part of a larger research program dealing with 
the development of procedures for the preparation of quarterly budgets 
based on projections of future production, prices and consumption; the 
development of monthly forecasts of aggregate and regional hog production 
and pork consumption; and the development of weekly forecasts of prospec­
tive prices and supplies in selected hog and pork markets. The broader 
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research objectives are cited simply as an introduction to the hypotheses 
that directed the early stages of this study and that were inspired by the 
more distant objectives of the larger research program. 
Method of Presentation 
This study is presented in six chapters. The first chapter presents 
the problem and the objectives. The second chapter consists of the theo­
retical consideration for: 
1. Interrelationship and interdependency of the major parameters 
in the hog-pork economy, and 
2. spatial equilibrium in optimum product flow in the pork economy. 
The third and fourth chapters cover the forecasting and programming models 
and their statistical results pertaining to the hog-pork economy. In the 
fifth chapter, the empirical results are presented, examined and compared 
with reported data and the results of related studies. 
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CHAPTER II. ECONOMIC STRUCTURE AND 
PROCESS IN THE HOG-PORK ECONOMY 
Generally, this study involves two major submodels. Objectives, 1,2, 
and 3 are of the general framework for a short-run forecasting analysis. 
Objective 4 is covered in the spatial equilibrium analysis. This Chapter 
pertains to the characteristics of the hog-pork economy that underlie both 
sets of objectives. 
Theoretical Considerations 
Before attempting to identify causal relationships and to estimate 
the degree of association among variables, a classification of variables 
is made as follows: 
(a) Exogenous variables of the system at all times; 
(b) endogenous variables of current period; and 
(c) lagged, or predetermined, endogenous variables. 
Further, all endogenous variables are grouped as Inventory variables, pro­
duction variables and price variables. Inventory variables are live hogs 
on hand, January 1, and pork beginning stocks. Production variables are 
farm production of hogs, hog slaughter, and pork production. Price vari­
ables are identified at the live, wholesale and retail market levels. 
Cobweb theorem and the hog-pork economy 
The cobweb theorem was considered formally by Ezekiel (15). All 
three cases, convergence, divergence and stationary cycles, are dependent 
upon the relative slopes of the demand and supply curves. Three basic 
conditions are needed for the operatlonality of the theorem: (a) price is 
determined by the available supply; (b) production decisions are based 
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solely on the current prices; and (c) a time lag of at least one production 
and marketing period is needed before next planning decision for future 
production. 
Though the cobweb theorem was widely criticized with regard to the 
validity of its application, agricultural economists have used it in 
explaining the response of hog production to the prices of hogs and feed, 
or corn-hog ratio, in the preceding time periods. More recently, Briemyer 
(5) has argued that the government price support programs provides a degree 
of stability to the supply of feed grain. Thus the hog-corn ratio plays a 
critical role in its relationship with hog production with high prices 
being an important factor, independent of com production. This tends to 
reduce the tendency of over-adjustments in hog production. Harlow (20) 
also used the cobweb theorem as a theoretical tool in explaining lags in 
hog production and response. He concluded that a four-year hog cycle 
occurred as low hog price was followed by a low pig crop by a year, and 
a low pig crop was followed by reduced slaughter hog marketing, a year 
later. Thus, prices are high when marketings are low; and two years 
later, slaughter marketings reach peak levels while prices are low. Each 
of the three variables rise for two years and fall for two years. 
Briemyer (6) also developed a balance sheet approach to isolate the 
points of decision making by a producer. He concluded that the disposition 
of livestock for breeding or slaughter is the controlling factor in defin­
ing the turning point of the cycle. 
Devetoglou (11) introduced the use of both the cobweb -theorem and 
inventory variables in forecasting analysis. He separated the lag in 
inventory change into a production response component and a production 
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process component. The former resulted from a lag between the realized 
price and the decision to change the production; the latter resulted from 
the length of time required for the realization of the actual production. 
Thus, inventory variables constitute the inseparable link between the 
accelerator effects (resulting from inventory adjustments) and the cobweb 
model. 
Internal mechanism of the hog cycle 
The lagged relationships between prices and production, and, also the 
current price-production relationships constitute the internal mechanism 
of the hog cycle. These sequential causal links of a hog cycle has been 
illustrated in an arrow-scheme by Maki (4b) in a simplified system. The 
arrow-scheme traces the reaction path of an initial change in hog price in 
year (t-l) which affects the subsequent variables; they in turn account for 
the intertemporal links of the hog cycle. 
Recursive systems and the hog-pork economy 
Wold and Jureen (76) defined any theoretical model as in the general 
category of a recursive system. They stated that a model is recursive if 
(a) the development of variables involved are known up to time period (t-l) 
and (b) the variables are obtained one by one subsequently in order. Thus, 
each equation in the system is described by an unilateral causal dependence. 
With these properties in mind, a recursive system can be expressed in 
mathematical terms, starting with a linear expression: 
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. %, 
+ % ^t-1 * ^ 12 %2* 
+ '^U Cl ^  '^if ^ 2 ^  * ^ ! l  ^ l-h- (2-1) 
This linear expression contains lagged values of all j^ a^nd lagged or non-
lagged values of all x, where , ^^^ are exogenous variables 
and j^ e^ind j^ a^re endogenous variables. The economic model attempts 
to explain all the endogenous variables, even the x^ s^, which are regarded 
as outside influences that must be predicted. 
With the linear expression, a structural system is represented by the 
equations, 
° * % 1^0 
e- % 0 ^ 
^30 (2-2) 
while the recursive system is represented by, 
)%'= 0 + 0 + 
yf' % 0 ^ 
'4 <=-3) 
where ^ a^re residuals. 
t — 
Both equation systems have the similarity that the endogenous variable, 
y^  ^is jointly dependent on the variable, The recursive system. 
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however, departs from the structural system in that each relation is 
unilaterally causally dependent upon the preceding endogenous variable. 
In Equation 2.3 jf^ is the effect variable, while ^ ^^ and J^ a^re cause vari-
ables, but not vice versa. The coefficients of the recursive system form 
(k) 
a triangular matrix where c^  ^appears in the lower triangle. 
Recursive systems, formally, are a subclass of structural systems. 
Generally the recursive systems purport to show cause and effect relation­
ships and to trace reaction paths, while the structural systems are in­
tended not only to show the causal dependencies, but also other theoretical 
relationships, such as definitional identities. Wold and Jureen concluded 
that recursive systems, in general, are of a broad scope, covering the 
models used in dynamic economic analysis that are constructed as a chain 
of causation without further specification. 
Later, Strotz and Wold (59) redefined causality in reviewing the con­
troversy of recursive versus simultaneous systems by stating that, if it 
is possible to control y indirectly by controlling z, then, z is a cause 
of y. But it may or may not be possible to control y by controlling z 
indirectly. Thus a causal relation is essentially asymétrie. They con­
cluded that if an economic analysis is of interdependent relationships, 
then, it is of a recursive system. 
In another article. Wold (75) pointed out that applied work with 
interdependent relations using simultaneous systems has given unsatisfac­
tory results when applied to empirical forecasting. The simultaneous sys­
tems ignore disequilibrium gaps existing in reality when assuming, for 
example, instantaneous equilibrium between demand and supply without con­
sidering changes in stocks. 
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In the present study, the single equation least squares technique is 
used to estimate the functional relationships. Wold and Jureen (76) sug-
(i) 
gested that in both recursive and structural systems, the disturbance, z , 
is assumed to be independent of variables L^ ^^ in the i^  ^relation. It 
is further assumed that in a recursive system, z(l)is independent of y^ J^ ...., 
y(i 1) ^ This assures that least squares regression is applicable without 
bias. Further, in a recursive system. Wold (75) stressed that intercor-
"^relation of the residuals can be reduced to negligible proportions if the 
relationships are arranged as a series of lagged relationships. 
With these theoretical framework of recursive systems as an opera­
tional tool for short-run forecasting, the interrelationships and inter­
dependent causal relationships of the hog-pork economy in the U.S. can be 
illustrated sequentially as they are in Figure 7. 
All variables are expressed in circles and their interrelationships 
by arrows. The large, thick-line circles indicate endogenous variables 
and a small circle with a negative number along the path of an arrow 
denotes the lagged time period. All exogenous variables are in a thin-
line circle with thin-line arrows to point out of the direction of 
causality. 
To better comprehend. Figure 7 is first divided into left and right 
halves, and is separated by primary markets. The left half specifies the 
production side of the hog-pork economy, whereas the right half is the 
demand side. As the majority of hog producers follow a two-litter system 
annually, the production sector is further divided into two semi-annual 
sections horizontally. 
At the point of entry into the recursive model, sows on hand. 
Figure T. Schematic diagram of an economic structure of the hog-pork 
economy 
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January 1, are depicted as determinants^ of the number of sows farrowing in 
the spring. Commercial hog slaughter in the following fall is affected by 
the hog-corn ratio from January to June and by spring sows farrowing, plus 
an exogenous time trend. The level of commercial hog slaughter, plus a 
trend in average weight per hog and dressing percentage, yields the level 
of the fall pork production. Fall pork production, in turn, influences 
the live hog price in the fall at the primary market level. 
In the lower portion of the production sector, the level of fall sows 
farrowing is determined by the endogenous variables — spring sows farrow­
ing, and the exogenous variable --and the time trend. In turn, spring 
commercial slaughter of hogs is affected by fall sows farrowing of the 
preceding year and the hog-com ratio for the preceding year, plus the 
time trend. The level of spring commercial slaughter, given the time 
trend in average slaughtering weight and dressing percentage, yields the 
amount of pork produced in the fall, which, then, influences the fall live 
hog price at the primary market level. The live hog price in the spring 
and fall of course affects the magnitude of the hog-com ratio of the 
same periods, respectively, with com prices as an exogenous variable. 
Further, the January to June live hog prices of the preceding year affect 
the sows on hand January 1. 
On the demand side consumers, since they do not buy pork in very 
large quantity, are considered as price takers. Though large retailers 
are large enough to influence pork prices, the wholesale pork market 
operates as the critical factor in the price making system (46). However, 
the price-income and price-quantity relationships at the live and retail 
market levels are involved in a description of the entire marketing 
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sequence from farm production to final consumption. 
The wholesale pork price is shown, first, as a function of stocks, 
net imports, and other competitive meats of the same period; it, in turn, 
influences the live market prices on one hand, and retail market prices 
on the other. Retail prices then influence the level of domestic civilian pork 
consumption. The domestic civilian pork consumption is constrained, however, 
by the amount of pork supply available for the particular period, plus the 
competitive meat supplies, population, income, trend, and secular shifts 
in tastes. Since pork is a perishable product, all supply, minus ending 
stocks, will be consumed at some price. Though the wholesale pork price 
influences the retail prices (which, in turn, influence the domestic civilian 
consumption), the exogenous variables play a major role in influencing the 
retail pork prices and, thus, wholesale pork prices in the long run. 
With only the major variables in mind, the recursive causal relation­
ships for the whole hog-pork economy start with a predetermined hog price 
at the local market level in the first half of the year (t). This will 
influence the level of sows kept on farms, January 1, for the year (t+1). 
The number of sows on hand, January 1 of year (t+1), will affect the num­
ber of spring sows farrowing in year (t+1). This, in turn, will determine 
the number of fed hogs available for fall hog slaughter. Given average 
weight per slaughter hog and average yield per live animal, fall hog 
slaughter determines the live hog price in the fall. At the same time, 
fall pork production, derived from the fall hog slaughter, affects the 
fall wholesale pork prices, which in turn affect the retail pork prices. 
Retail pork prices, along with the amount of pork available in the fall 
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determines domestic pork consumption. Circling back, the pork available 
in fall, which is equivalent to the fall domestic pork consumption, affects 
the wholesale pork prices. Wholesale pork prices then directly influence 
the live hog prices in the fall. 
Here, live hog prices serve as the last link of the year (t+1) and 
the beginning link for year (t+2). The next round is started by deter­
mining, first, the commercial hog slaughter the spring of year (t+2), 
which is supplied from the fall sows farrowing. 
As pointed out_by Maki (42), the schematic diagram of the internal 
mechanism of the hog cycle can be used to illustrate the process of 
generating an output cycle of declining amplitude. When the secular rate 
of expansion in pork supply exceeds the secular rate of growth in pork 
demand, however, the cycle is retriggered. Similarly, if pork demand 
changes sharply, the cycle is retriggered. 
Errors in price of supply forecasting, which subsequently lead to 
inappropriate production responses, also retrigger the pork cycle. Even 
though the internal mechanism of the pork cycle may be understood clearly, 
the persistent underestimation of future changes in economic conditions 
that is characteristic of business forecasting would contribute to a 
cyclical pattern of pork production (61). 
Spatial Equilibrium in the Hog-Pork Economy 
The theoretical concepts of interregional competition can be traced 
back to Adam Smith and the early classical school of economics in terms of 
the theory of comparative advantage in production specialization. However, 
the main emphasis of this theory was upon international trade. Von Thinen 
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was credited as the first economist to apply the principles of comparative 
advantage to problems of location. Finally, Friedrich (l8) introduced 
transportation costs as industrial location determinants of the national 
and regional scales of economic activity. 
Hoover (28) stressed costs other than transportation costs, such as 
procurement and distributing costs. And, also, he considered other vari­
ables — for example, plant size, land value, labor cost and taxes. Ad­
vancing from Weber's partial equilibrium approach of interregional compe­
tition, Losch (bo) attempted a static general equilibrium analysis of 
location theory. More recently. Isard (29) combined Weber's cost minimi­
zation concept and Losch's demand considerations into an even more general 
theory, 
Enke (lU) was amoung the first to enlarge the scope of location 
analysis by adapting an analogue technique for solving interregional trade 
problems, Samuelson ($4) then included the Koopmans-Hitchcock transporta­
tion problem within the framework of a linear maximization problem subject 
to linear inequalities and standard linear programming procedures. 
Fox (l6) applied the spatial equilibrium problem to an empirical 
study by dividing the U,S, into ten livestock-feed regions. He examined 
the livestock-feed economy at two intertemporal levels, achieving an 
equilibrium set of flows of feed and a related equilibrium set of live­
stock flows. In another expanded study (17) he varied the assumptions 
of the earlier model to approximate transportation rates changes and 
drought conditions in order to examine their effects on regional live­
stock shipments. 
Judge (31) used a spatial equilibrium model to study the poultry 
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industry, using a twelve region to specify the optimum flow of eggs. 
Later, Judge and Wallace (70, 71, 72), presented a spatial equilibrium 
model of the U.S. livestock economy, developing an optimum pattern of 
flow and consumption and an optimum set of prices, and examining the 
effects of specified changes on patterns of flow. 
King and Henry (32) examined the various approaches to transportation 
models and, following Samuelson, presented a general model of interregional 
competition. They classified the problem in terms of space, form and time, 
within a maximization framework so that the linear programming technique 
could be used. This provides for a broad applicability of the model to prob­
lems of production and inventory as well as transportation. 
Takayama and Judge (60) demonstrated that the Enke-Samuelson formula­
tions of spatial equilibrium, using the standard linear programming model, can 
be converted into a quadratic programming problem by postulating appropriate 
linear dependencies between regional demand and price, and regional supply. 
Further, this model can be expanded to Include solutions for: linear 
regional supply functions with fixed regional demands, linear regional 
demand functions with fixed regional supplies, and multi-product linear 
demand and supply functions with linear substitution and/or complementary 
terms included. They concluded that this formulation is operational for 
many types of equilibria, extending to problems in international trade, 
problems of allocation over time and other types of market behavior. The 
model also makes possible the combination of primal and dual programming 
procedures into one foirmulation. 
Rlzek, Judge and Havllcek (52), in a North Central Livestock Regional 
project — NCM25, developed a spatial equilibrium model to determine 
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regional levels of slaughter and direction, and level of interregional 
livestock and meat flow to satisfy regional production, consumption and 
capacity restraints. In other words, this is to minimize the transporta­
tion costs, given price differentials, slaughtering costs, slaughtering 
capacity, the rate of transforming livestock to meat, and regional supply 
and demand of livestock and meat. It seeks solutions for 1955 and 1960 
using a linear programming model. 
Rohdy (53) analyzed the Southeast hog-pork economy using a linear 
programming model for determining the interregional competitive position 
of the hog-pork industry in that area. He divided the U.S. into a South­
east region, with detail regional demarcation, and the rest of the U.S., 
with regional demarcation in line with U.S. census classification. This 
model provided least cost solutions for optimal hog and pork flows for 
1960 and 1970 that can serve as bases for decision making with reference 
to plant location. The study concluded that, under certain conditions, 
the Southeast can compete favorably with North Central states in the 
slaughter of hogs, even to the extent of shipping hogs from the North 
Central for slaughter in the Southeast. 
The Northcentral states, and especially the West Northcentral states, 
have an historical advantage in specializing in hog feeding. They are, 
therefore, the major surplus area in pork production. Thus, information 
regarding the efficient distribution of pork from surplus areas to 
deficit areas, like the East and the West Coast, has a two-fold value 
for the Northcentral states. In a micro-economic sense, information 
is needed by meat packers in their planning of production, personnel and 
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facility requirements. Aggregately, optimally efficient flows of pork 
from production to consumption provides a results within a normative 
framework for public decision making with regard to the hog-pork economy. 
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CHAPTER III. ECONOMETRIC MODEL FOR SHORT-RUE FORECASTING 
The Formal Model 
Elements of positive economics were involved, first, with reference 
to market prediction. A series of prediction equations were prepared in 
anticipation of the requirements of the programming model of the hog-pork 
economy. The prediction equations were assembled into a recursive sys­
tem of multiple variable, single equations that make up the endogenous 
mechanism of the hog cycle. 
Farm supply 
In terms of the U.S. Department of Agricultural balance sheet est­
imates, the general form of the aggregate hog supply relationship can be 
described by the algebraic identity, 
? «It + + 1% = "t + D; + E , (3-11 
where 
H^^ = number of head of i^^ market class of hogs on hand January 1, 
in t-th period; 
= number of head of hogs born and saved in t-th period; 
I^  = number of head of hog state inshipments in t-th period; 
= number of head of hogs marketed in t-th period; 
= number of head of hog deaths in t-th period. 
Among the balance sheet variables, sows six months and over, on hand, 
January 1, is an endogenous variable to be explained by the variables 
identified in Figure 7 in the preceding chapter. 
The general algebraic form for estimating the endogenous variable of 
hog balance sheet at farm level is. 
4o 
%it = *1 + Vm + : Cf Zkt-.' <3.2) 
J K 
where 
= number of head of sows on hand, January 1, in t-th period; 
Y . = value of j-th non-price variable of (t-m) period accounting ju-m 
for variations in X^ ;^ 
Zj^ t n~ value of k-th price variable of (t-m) period accounting for 
variations in 
The regression coefficients denote the b^  units and c^ , units change in X^  ^
associated with a 1-unit change in Y . and Z, . , respectively, ju—HI 
A series of additional multiple variable linear equations were also 
developed for each region in generating some of the balance sheet variables. 
They are in the same algebraic form as Equation 3.2. 
Commercial slaughter 
From the production of hogs at farm or live animal level, the aggregate 
production of hogs at wholesale level was estimated next by identifying the 
functional relationships with various explanatory variables in the form, 
ât = + : »! ' =i \t-n =1 V' '3-3) 
J K 
where 
X^  = number of head of hogs slaughtered commercially in t-th 
period; 
Y = value of j-th non-price variable of (t-m) period accounting 
J u—m 
for variations in X^ ; 
\t-n~ of k-th price variable of (t-n) period accounting for 
variations in X^ ; 
1+1 
M = value of q-th exogenous or dummy variable of period t 
qt 
accounting for variations in X^ . 
The regional commercial slaughter of hogs was estimated vithin a 
separate series of multiple variable linear equations which are in the 
same form as Equation 3.3, except that the dependent variable is 
with r denoting a specific region. 
Demand relationship 
In this study the wholesale market is viewed as the major price-
making level in marketing system. At the wholesale market, information 
on the effects of the price-quantity relationship at the retail level and 
the price-income relationship at the live level is most readily available 
(1+3). Accordingly, the wholesale demand equation is represented by the 
linear equation, 
\ "jt * "=11 'h + =12 ? + \ \ (3.1.) 
where 
f 
it 
= average hog wholesale price per pound in cents in t-th period; 
i = A, liveweight equivalent; i = 3, carcass weight equivalent; 
0 . = per capita civilian consumption from commercial supplies of jt 
j-th meat class in pound carcass weight equivalent, t-th per­
iod; j=l, pork; j=2, beef; 
AY^ = year-to-year change in per capita disposable income (deflat­
ed by Consumer's Price Index), t-th period; 
T = Time, denoting consecutive quarter-year period starting with 
first quarter, as T = 1; 
k2 
= dummy variable denoting recurrent quarter-year periods start­
ing with VI^ = 1 for first quarter, Jan.-Mar., = 0 for all 
other quarters, and similarly for W^, and Wj^. 
Thus, b and c^ denote the price and income effects, respectively, 
J Kl 
while c^2 denote the linear trend and recurrent seasonal effects, 
respectively, on The coefficient is the constant term for the 
linear equation, which denotes the value of the dependent variable when 
each of the explanatory variables is equal to zero. 
Finally, the pork retail prices and hog live prices relationships 
are given in the functional form, 
-lî ' »! " »! hi * CjT, (3.5) 
where 
= average price at h-th market level, in cents per pound, h = 1, 
hog live price in t-th period; h = n; pork wholesale price, 
h = r, hog retail price. 
The Empirical Results 
The economic model represents a recursive system of equations 
in which the equilibrium live hog prices are dependent upon a series 
of previously derived equilibria of production and price variables. 
Because of the number of computational steps involved in the prediction 
of live prices by quarter-year, the prediction error could be quite 
large, particularly if future levels of the explanatorj'' variables 
depart substantially from the average values of those variables. 
Both the prediction equations and the predicted values are presented, 
therefore, so that as complete an evaluation as possible can be 
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made of the forecasting procedures. 
Further, the predicted statistical results are listed with reported 
values for different variables. Comparison and discussion of statistical 
results with other studies is conducted in Chapter V. 
The data 
All data used for forecasting equations are from secondary sources. 
Most of the data are published by the Statistical Reporting Service, U.S. 
Department of Agriculture. In this study all price and income variable 
were deflated by the Consumer's Price Index (1947-1949=100) to account 
for the post World War II inflationary effects on all variables. 
Almost all the equations are based on historical data of the period, 
1949-1960 — a total of twelve years. Any other historical period used is 
so specified. 
Theoretically, the time period chosen for short-run analysis should 
be one with no drastic market structure changes or without abnormal econ­
omic conditions. Accordingly, the period after World War II was chosen. 
Further, though a rather small number of observations are available for 
statistically measuring the functional relationship, the data demonstrate 
adequately the relevant interdependencies among the price and quantity 
variables in the hog-pork economy. 
The time unit used Included the year, the half year, and the quarter 
year. The use of each time unit is dependent upon the nature of the 
endogenous variable in question. For example, annual data are used for 
all classes of hogs on hand, January 1, farm slaughter, marketing, deaths, 
and inshipments. Half-year data are used for sows farrowing in spring 
44 
and in fall, which, in turn, result in a semi-annual model for hog com­
mercial slaughter. A quarter-year model is used for all price-quantity 
functional relationships on the demand side because of seasonal consumption 
patterns within the year. 
For regional data, the U.S. is divided into seven geographical regions 
which are characterized by specified levels of hog production. They are also 
characterized by regional per capita disposable income, and regional demand 
and supply functions for hogs and pork. 
Theoretically, it is necessary to have many regions to insure 
homogeneity with respect to production and consumption conditions, which 
would reduce errors and contribute to more reliable estimates and con­
clusions. On the other hand, the availability of data and practical compu­
tational limits also must be considered. Therefore, though many possible 
groupings of states exist, the U.S. Census breakdown into the nine major 
census regions is used in this study (Figure 1). Four regions, however, 
are combined into two regions and Delaware and Maryland are regrouped as part 
of the first of these two regions. Thus, in this study, the Northeast com­
prises the six New England states and the three Middle Atlantic states, in 
addition to Delaware and Maryland. As shown later, this first group of 
states represents the most important consumer market for hogs and port which 
move in interstate commerce. The second composite region includes the 
South Atlantic and the East Southcentral states. This region also com­
prises a growing consumer market for pork (although hog shipments into 
this region may decline in the future). The remaining five regions 
East Northcentral, West Northcentral, West Southcentral, Mountain and 
Pacific correspond with the U.S. Census regions*. 
h5 
Aggregate farm production and commercial slaughter 
Based on the various endogenous and exogenous variables in the hog-
pork economy, alternate econometric models were derived and tested in 
fitting each equation. The functional relationships for sows on hand and 
sows farrowing, and the statistical results are listed as follows: 
Hg. = 5,849.0 + 109.312* T f 110.074** P,,. pf = 0.723 (3.6) 
(39.197) (29.072) 
= -141.9 + 0.981** H , = 0.971 (3.7) 
" (0.042) 
S_. = 701.3 + 0.490** S,. + 186.135** T , = 0.933 (3.8) 
(0.110) (21.097) 
where 
= sows six months and over, on hand, January 1, in thousands 
of heads, in t-th period; 
T = time trend; 1949 = 1, 1950 = 2, etc.; 
= Semi-annual average live price of slaughter barrows and gilts 
at Chicago, in dollar per hundred-weight, January to June, in 
t-th year; 
= sows farrowing, in thousands of head, December to May, in t-th 
year; 
= sows farrowing,in thousands of head, June to November, in 
t-th year. 
The explanatory variables were grouped as price or non-price variables 
accordingly. The figures not in parentheses are the regression coefficents 
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for each explanatory variable, which indicates that when the specific ex­
planatory variable change one unit, the dependent variable change b^  units. 
The figures in parentheses are standard errors of the regression coefficients, 
bj^  and s^  give the test of statistical significance to indicate whether the 
paramoter is significantly different from zero. This is described by the 
asterisks following each regression coefficient. 
The constant term gives the initial value of the dependent variable 
when the independent variable(s) is zero. R^ , the correlation coefficient, 
specifies the percent of total variation in the dependent variable that is 
accounted for by the specified explanatory variables. 
In examining the statistical results, year-toyear changes of most 
dependent variables can be attributed almost entirely (from 72.3 percent 
to 97.1 percent of the total variation) to changes in the one or two explana­
tory variables specified earlier in Equations 3.6, 3.7 and 3.8. The most im­
portant variable for prediction purpose, H2^ , hogs which are 6 months and 
over, was associated with hog live price for the preceding six-month period, 
January to June, and the time variable, T. 
The predicted number of sows on hand affects the number of sows far­
rowing of the following six-month period, December to May, which in turn 
affects the commercial slaughter of hogs during the following six-month 
period, July to December. The time variable, T, is assigned a successive 
fixed value, starting with 1, for the period from 1949 to 1960. 
Because of the large number of predicted values Involved in the 
entire set of prediction equations, the long-range projections of hog 
numbers are subject to considerable prediction error. In comparison with 
cattle slaughter estimates, however, the predicted hog slaughter departs 
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less from its average historical level than does the predicted cattle 
slaughter (46). For this reason, and also because of the generally satis­
factory prediction accuracy of the entire set of equations, the estimates 
of future hog slaughter compare rather favorably, given the unrevised data 
series for the 1949-60 period as the basis for the structural estimates. 
Commercial hog slaughter is estimated on a half-year basis; namely, 
for the two periods January through June, and July through December. The 
prediction equations are quite satisfactory in explaining year-to-year 
2 
changes in hog commercial slaughter, as suggested by R and standard error 
value shown for the two equations, as follows: 
P 
C,, = 7,865.1 + 5.560** S - 277.250 ,12t-l\+ 287.681* T, 
(0.86A) 2t-l (139,57k) (p----) (108.943) 
32t-l 
= 0/913 (3.9) 
2t = 8,749.1 + 3.076** S - 171.733 /'llty + 913.912** T, 
(0.672) " (180.082) (141.73k) 
= 0.947 (3.10) 
where 
C.^  = total commercial hog slaughter, in thousands of head, j-th 
half-year, t-th year; j=l, Jan.-June; j=2, July-Dec.; 
P. 
Jdt 
3^jt 
= hog-corn ratio; j=l, January to June; j=2, July to December. 
A description of the other variables in the two equations is the same as 
described previously. 
Commercial hog slaughter differs substantially from one half-year per­
iod to the next in terms of the quantitative relationships commonly specified 
as affecting hog production. Though hog and pork production are 
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directly related, hog sind corn price also affect the level of pork pro­
duction (in addition to their specific effect on hog production). During 
the fall months, moreover, total pork production has increased signifi­
cantly — a result of the increase in the number of sows farrowing or in 
the hog and corn prices. 
Changes in the number of sows farrowing during the period of analysis 
were followed about six months later by changes in hog slaughter. A change 
in fall farrowing, however was associated with twice as large changes in 
hog slaughter six months later as was the same magnitude of changes in 
spring farrowings, but changes in hog and com prices during the early fall 
months July through September, were related only slightly to changes in 
hog slaughter six months later. The January to March hog and corn prices, 
2 
on the other hand, were quite reliable predictions of hog slaughter. 
Early spring hog and corn prices apparently conditioned producer's market 
expectations, and, hence, these producers withheld gilts from the spring 
pig crop. 
2 
In an alternate formulation of the hog slaughter function based on 
data for the 10-year period, 19^ 9-58, the price variables covered the first 
quarter of each six months period and were associated with commercial hog 
slaughter as follows: 
180.870* T, = 0.966 (3.7a) 
(77.600) 
Cgt = k,6l5.9 + 2.805** 8 - 2W9.671* P + 52.998** P... + 491.6o4** T, 
(0.406) (70.904) lit (12.596) 31* (57,922) ' 
= 0-954 (3.3a) 
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Instead of deriving a set of average weight and yield relationships 
to convert the predicted hog slaughter equivalent carcass weight produc­
tion of pork, a series of functional relationships between quarterly pork 
production in carcass weight equivalent and selected explanatory variables 
were developed to perform the same purpose. The statistical results are 
shown in Table 6. 
Regional farm production and commercial slaughter 
The prediction equation for sows on hand, January 1, are based on the 
more recent post-World War II data. Because of apparent changes in the 
structure of the hog-pork economy since 1952, the prediction equation for 
sows farrowing are based on quite limited Information; nevertheless, some 
critical elements of the existing regional structure of the hog-pork economy 
are adequately illustrated by these data. The regional prediction equations 
for sows on hand, January 1, and sows farrowing are summarized in Tables 
7, 8 and 9. 
A set of regional slaughter hog supply relationships was derived to 
obtain the regional estimates of commercial slaughter. This procedure 
involved the semi-annual functional relationships with supply factors, 
such as lagged sow farrowing, and hog and com prices. The estimated 
coefficients are summarized in Tables 10 and 11. Both regional balance 
sheet variables and regional commercial hog slaughter variables are of 
the same algebraic forms as their U.S. counterparts. 
The procedure for quarterly commercial pork production relation­
ships, in carcass weight equivalent, involved the estimation of quantity-
price coefficients for each region (Table 12). These relationships depict 
essentially the demand structure for pork production at the point of 
Table 6, Estimated effect of a 1,000 head change in total semi-annual commercial hog slaughter and 
other variables on pork production, in millions of pounds carcass weight equivalent, by 
quarter year. United States, 19^ 9-60 
Quarter 
Year 
Half-year commercial 
hog slaughter 
Hog 
price 
pi 
Iw 
Time 
T 
Constant 
term 
First (Jan,-Mar.) 0.065** 
(0.007) 
271.5 0.905 
Second (Apr.-June) 0.0U9** 
(0.010) 
-10.915 
(II.U32) 
15.271 607.2 0.841 
Third (July-Sept.) 0.0^ 0** 
(0.013) 
-17.615 
(8.866) 
270.7 0.786 
Fourth (Oct.-Dec.) 0.058** 
(0.008) 
25.368** 
(6.950 
189.0 0.889 
••Significantly different from zero at the 0,01 probability level. 
Table 7« Estimated 
variables 
effects on number of sows on hand Jan. 1 of 
, by region, 1953-59 
a 1-unit change in specified 
Effect in 
of a 
number of sows on 
1-unit change in; 
hand. 
Region Hog-corn 
ratio 
P^  
It-k 
p 
3t-k 
Beef-corn 
ratio 
*#*k* 
3^t-k 
Time 
T 
Constant 
term 
1 
Northeast 3.074** 
(0.706) 
-6.087** 
(0.891) 
167.4 0.907 
East Northcentral 19.069 
(11.200) 
-32.990** 
(11.000) 
2,828.6 0.608 
West Northcentral 103.146** 
(12.555) 
-96.398** 
(13.323) 
3,244.0 0.933 
Southeast 9.120 
(7.310) 
54.182** 
(9.230) 
899.2 0.915 
West Southcentral 6.992 
(3.605) 
2.272 
(2.820) 
197.3 0.578 
Mountain 1.688* 
(0.525 
2.630** 
(0.662) 
54.0 .0.905 
Pacific 1.779** 
(0.247) 
-0.911* 
(0.311) 
79.9 0.913 
2^t ~ average live price of U.S. choice grade slaughter steer at Chicago, in dollar per 
hundred weight. 
•Significantly different from zero at the 0.05 probability level. 
••Significantly different frran zero at the 0.01 probability level. 
\ 
Table 8. Estimated effect on number of spring sows farrowing of a 1-unit change in specified 
variables, by region, 19^ 9-58 
Region Sow on 
hand 
«2rt 
Time 
T 
Constant 
terra 
1 
(1,000 head) 
Northeast 0.887** -0.416 2.2 0.990 
(0.078) (0.281) 
East Northcentral 0.840** 
-1.778 192.2 0.959 
(0.086) (2.295) 
West Northcentral 0.985** 2.400 -365.5 0.968 
(0.118) (8.197) 
Southeast 0.902** 0.755 -41.9 0.988 
(0.041) (0.770) 
West Southcentral 0.921** 1.364 -47.4 0.996 
(0.038) (0.667) 
Mountain 0.849** 0.144 2.1 0.995 
(0.042) (0.224) 
Pacific 0.945** 0.231 -l4.4 0.973 
(0.119) (0.288) 
**Significantly different from zero at the 0.01 probability level. 
1 
Table 9. Estimated effect on number of fall sows farrowing of a 1-unit change in specified 
variables, by region, 19^ 9-58 
Region Sows 
farrowing 
Slrt 
Hog-corn 
ratio 
(^ ) 
31t 
Time 
T 
Constant 
term 
1 
(1,000 head) 
Northeast 0.638 
(0.412) 
0.832 
(0.572) 
0.136 
(1.279) 
17.1 0.810 
East Northeentrai 1.127** 
(0.155) 
22.657** 
(3.572) 
13.796** 
(3.491) 
-1278.8 0.916 
West Northcentral 0.552** 
(0.164) 
21.868 
(1.508) 
41.136** 
(11.136) 
-869.1 0.778 
Southeast 0.813** 
(0.136) 
10.344 
(4.987) 
-4.062 
(2.330) 
-64.1 0.893 
West Southcentrai 0.868** 
(0.171) 
7.435 
(2.289) 
0.201 
(2.574) 
-95.7 0.931 
Mountain 0.614** 
(0.071) 
0.982* 
(0.388) 
0.368 
(0.316) 
-8.7 0.974 
Pacific 0.896** 
(0.109) 
1.031** 
(0.282) 
0.527 
(0.234) 
-27.3 0.966 
*Significantly different from zero at the 0.05 probability level. 
**8ignificantly different from zero at the 0.01 probability level. 
Table 10, Estimated effect on number of hogs slaughtered commercially of a 1-unit change in 
specified variables by region, spring 19^ 9-1958 
Region Sows farrowing* Hog live* Com price,* Time^  Constant 
fall price,fall fall T term 
®2t-l pi 
12t-l 3^2t-l 
Northeast 19.703 -37.140 2.425 35.431 1,088.1 0,811 
(15.061) (55.468) (6.035) (37.317) 
East Northcentral 5.030** -81.300* 14.687** -6,033 65.7 0,982 
(0.524) (30.804) (3.330) (12.498) 
West Northcentral 6,238** -133.685 7.301 -49.820 3,330.1 0,923 
(1.439) (104.283) (11.796) (36.709) 
Southeast 2.U85* -76.795* 7.984 88.527** 1,252.2 0.968 
(0.663) (23.116) (2.935) (14.072) 
West Southcentral 2.622 
-51.371 7.486 27.057 329.7 0,757 
(1.365) (25.065) (3.364) (25.312) 
Mountain 3.963* -21.267* 1.934 3.668 581.1 0,889 
(1.30k) (5.557) (0,775) (4.953) 
Pacific 15.672 -53.045 5.441 9.601 530.7 0,804 
(7.636) (22.034) (2.891) (18.550) 
United States 5.963** -392.378 53.179* 180.870 1,516.1 0.966 
(0.910) (165.247) (18.059) (77.604) 
®Based on data of 6-month period, July-Dec., preceding year, 
= 1, 3, 5 19. 
•Significantly different from zero at the 0,05 probability level, 
""Significantly different from zero at the 0,01 probability level. 
Table 11. Estimated effect on number of hogs slaughtered commercially of a 1-uni change in 
specified variables, by region, fall, I9U9-1958 
Region Sows farrowing* Hog live* Corn price,* Time^  Constant r2 
spring price, spring spring T term 
Sit ^31t 
Northeast 8.939 -20.763 4.805 44.645 1,546.7 0.802 
(7.831) (20.591) (4.050) (23.669) 
East Horthcentral 3.066** -25.639 16.206** 55.881* 13.2 0.920 
(0.599) (2k.016) (3.942) (15.941) 
West Northcentral 2.582** -103.095 2.955 230.471** 3,967.1 0.887 
(0.511) (49.648) (9.248) (41.517) 
Southeast 1.097** -38.103** 13.280** 105.956** 3,349 0.996 
(0.189) (5.863) (0.963) (3.180) 
West Southcentral 1.672* -9.754 6.658** 29.319** -220.5 0.853 
(0.532) (9.223) (1.532) (9.014) 
Mountain 2.839** -7.164* 1.253* 9.458* 336.6 0.927 
(0.457) (2.416) (0.441) (2.385) 
Pacific 10.674 -18.986 4.168 14.957 200.4 0.700 
(5.4U7) (12.507) (2.258) (12.856) 
United States 2.805** -209.671* 52.998** 491.604** 4,590.6 0.954 
(0.U06) (70.904) (12.597) (57.922) 
®Based on data of preceding 6-month period, Jan.-June. 
T — 2, U, 6, ..... , 20« 
•Significantly different from zero at the 0.05 probability level. 
••Significantly different from zero at|the 0.01 probability level. 
Table 12. Estimated effect on quarterly pork commercial production of a 1-unit change in 
specified variables, in million pounds, by retion, 19U9-I96O 
Region pi 2Wt 
pi 
iwt T* "1' V Coçg^ t 
Northeast 0.754 
(0.518) 
-2.444** 
(0.724) 
0.001 
(0.168) 
31.998** 
(5.773) 
-10.982 
(5.659) 
37.763** 
(5.912) 
251.8 0.786 
East Northcentral 7.058** 
(1.150) 
-10.461** 
(1.609) 
0.040 
(0.374) 
72.370** 
(12.820) 
-30.866* 
(12.567) 
105.842** 
(13.127) 
634.1 0.879 
West Northcentral 11.682** 
(2.43-) 
-23.878** 
(3.407) 
2.502** 
(0.792) 
143.057** 
(27.155) 
-33.866 
(26.619) 
290.403** 
(27.805) 
1042.7 0.901 
Southeast 3.080** 
(0.539) 
-4.493** 
(0.755) 
3.516** 
(0.175) 
46.144** 
(6.014) 
-21.938** 
(5.895) 
28.243** 
(6.158) 
165.8 0.954 
West Southcentral 1.240** 
(0.330) 
-2.651** 
(0.461) 
-0.028 
(0.107) 
21.309** 
(3.677) 
-10.513** 
(3.605) 
19.855** 
(3.766) 
108.0 0.835 
Mountain 0.807** 
(0.100) 
-1.079** 
(0.l40) 
-0.001 
(0.033) 
6.144** 
(1.119) 
-2.888** 
(1.097) 
5.908** 
(1.146) 
48.3 0.873 
Pacific 0.876** 
(0.266) 
-2.815** 
(0.372) 
-0.388** 
(0.086) 
10.265** 
(2.965) 
-4.071 
(2.906) 
11.730** 
(3.036) 
138.4 0.799 
United States 25.496** 
(4.146) 
-47.820** 
(5.799) 
5.643** 
(1.348) 
331.296** 
(46.214) 
-115.124** 
(45.302) 
499.745** 
(47.320) 
2388.9 0.924 
= 1, 2, 3, 4 48. 
= 1 for 1st quarter, W = 0 for 3rd and 4th quarter. 
°W= 1 for 3rd quarter, W = 0 for 1st and 4th quarter. 
 ^= 1 for 4th quarter, W = 0 for 1st and 3rd quarter. 
*Significantly different from zero at the 0.05 probability level. 
•«Significantly different from zero at the 0.01 probability level. 
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slaughter. Hence, market conditions, such as plant capacity or procurement 
practices among competitive packers, would affect the values at the retail 
market or consumer level in the distribution process. The predicted pork 
production levels for the period covered by the programming analyses are 
summarized in Table 13. 
The algebraic form used to derive pork production demand is given by, 
+ I pjt + '=lr '"t + "zr ^  <3'^ ) 
J -L 
where 
= total quarterly commercial pork production, in carcass weight 
equivalent, in millions of pounds, in the r-th region, in t-th 
period; 
= year-to-year change in total disposable personal income in the 
U.S., in billions of dollars, in t-th period; 
T = time, beginning calendar year 1959 with T = 1. 
Aggregate and regional consumption The overall balance sheet for pork 
supply and consumption is identified as: 
% + Iff + I^t = "ot * * Cet' (3-12) 
where 
= commercial pork production in carcass weight equivalent in period t; 
Igt = pork beginning inventory in period t; 
Sjt = pork imports in period t; 
= pork exports in period t; 
= pork ending inventory in period t; 
Table 13. Predicted quarterly pork production at carcass weight equivalent, in millions of pounds, 
by region, first quarter I96I to second quarter 1962. 
Year 
Northeast 
East 
Northeentrai 
West West 
Northcentral Southeast Southcentral Mountain Pacific U.S. 
(million pounds) 
1961 240.3 809.5 1092.8 354.9 103.9 51.7 94.0 2747.0 
226.3 782.4 1024.2 335.0 89.4 48.3 90.3 2596.0 
215.7 759.6 982.6 316.2 77.3 45.0 84.3 2480.7 
263.2 856.6 1307.6 363.8 108.4 52.8 102.2 3054.7 
1962 253.0 816.2 1224.6 391.3 117.3 57.3 106.9 2966.6 
223.9 759.5 1077.8 351.1 95.3 50.8 94.7 2653.0 
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= military consumption of pork in period t; 
= civilian consumption of pork in period t. 
The commercial pork production in carcass weight equivalent of a 
specified period, plus the beginning stock and the amount of pork imports, 
constitute the pork supply for the period. On the right-hand side of 
the identity is the disposition of pork. The remainder of pork supply, 
after subtracting the exports, ending stock and pork consumption for 
military personnel in the U.S., is the total quantity of pork available 
for civilian consumption from commercial production. Since the farm 
slaughter of hogs is declining rapidly, commercial pork will nearly equal 
total pork production in the near future. 
Estimates of beginning and ending stocks were based on their quanti­
tative relationship during the 1949-60 period. Similarly, the estimates 
of exports and imports were based on historical relationships. Projected 
military utilization of pork was prescribed at the 1959 levels, which is 
consistent with the procedure for estimating the 1961 and 1962 civilian 
population, as explained later. The commercially produced pork available 
for civilian consumption was then divided by civilian population to 
obtain per capita pork consumption in the U.S. 
The projected regional consumption estimates were derived from 1955 
survey data (64) by use of an adjustment procedure based on the 
expression: 
"rt+k - Qrt + «W " 'rt'' »•") 
where 
r^t+k quantity of pork consumed per person in the r-th region 
6l 
(r = 1, 7) and (t+k) year; 
Q = quantity of pork consumed -per person in the r-th region 
rt 
(t=i954); 
^rt+k ~ disposable personal income per person in the r-th region 
and (t+k) year; 
= disposable personal income per person in the r-th region 
and in 195^; 
= estimated intratemporal income effect on the quantity of 
pork consumed (derived from 1955 survey data) showing the 
percentage change in pound per person associated with 
1- p e r c e n t  c h a n g e  i n  d i s p o s a b l e  i n c o m e  ( s e e  r e f .  7 ^  a n d  j 6 ) ,  
The projected and reported values for regional pork consumption per 
person are listed in Table 29 in Chapter V. 
Population 
The use of an [a ratio] estimation procedure of the form, 
7 
log = log a^ + b^ log ( E H^^), (3.1%) 
where is the total civilian population in the r-th region on July 1 of 
the t-th year, resulted in a satisfactory set of regional population 
projections (19, 73). The estimated total regional population was obtained 
for 1961, and first and second quarter of I962 on an ex ante basis (Table lb). 
Demand relationship 
Per capita pork and beef consumption, together with per capita dis­
posable personal income, made up the major demand determinants for predic­
tion purposes. Because of the importance of the wholesale market in 
price determination, the wholesale demand function was represented 
by the empirical price-quantity and price income relationships, 
Table lU. Projected total civilian population in specified regions, by quarter, I961 and 1962 
1961 1962 
Region 1 2 3 k 1 2 
(in million) 
Northeast U8. 53 U8.67 48.82 48.97 49.12 49.27 
East Northcentral 37. 65 37.85 38.05 38.24 38.45 38.64 
West Northcentralq 15. 62 15.66 15.70 15.74 15.78 15.82 
Southeast 33. 69 33.83 33.96 34.11 34.25 34.39 
West Southcentral 16. 83 16.90 16.96 17.03 17.09 17.16 
Mountain 6. 88 6.93 6.99 7.04 7.09 7.14 
Pacific 20. 11 20.28 20. UU 20.61 20.78 20.94 
United States 179. 30 180.11 • 180.92 181.72 182.53 183.36 
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it is estimated at both live weight and carcass weight equivalent level. 
The general form for wholesale demand function was presented earlier. 
The functional relationship of the wholesale demand with retail and 
live market were also derived. The coefficients of these functions are 
summarized in Table 15. 
A set of live-to-wholesale price relations translated the wholesale 
price relationships into equivalent primary market demand equations. On 
a quarter-year basis, live prices were depicted as a function of wholesale 
prices, given the coefficients of wholesale demand. Through algebraic sub­
stitution, a derived demand function of live hogs was obtained as, 
Plt^ = 58.8 - O.It33 - 2.186 - 0.006 AY^ - 0.101 T + 1.25% 
+ 0.681 + 2.652 (3.15) 
The price-quantity coefficient of -0.433 and -2.186 denotes the change in 
hog price in dollars per 100 pounds of liveweight associated with a 1-pound 
change in per capita beef consumption and pork consumption, respectively, 
on quarter-year basis. 
Recursive mechanism of the model 
In Chapter II it was stated that a model is recursive if (a) the 
development of variables involved are known up to time period (t-l), and 
(b) the variables are obtained one by one subsequently in order; thus, 
each equation in the system is described by an unilateral causal depen­
dent relationship. The system can be expressed in mathematical terms as 
in Equation 2.3: 
Table 15. Estimated effect on quarterly pork live price, pork wholesale in liveweight equivalent, 
pork wholesale price in carcass weight equivalent and pork retail price of a 1-unit 
change in specified variables, 19^ 9-1959 
Item Dependent Pork 
variable wholesale 
price 
liveweight 
_ n 
l^AWt 
Per capita 
beef con­
sumption 
'^ Wt 
Per capita 
pork con­
sumption 
Q. iwt 
Pork 
wholesale 
price carcass 
weight 
_ n 
PlBWt 
Change in 
disposable 
personal 
income 
Pork live price 
Pork wholesale price 
liveweight 
Pork wholesale price 
carcass weight 
Pork retail price 
-IWt 
•lAWt 
n 
I^BWt 
I^Wt 
1.056** 
(0.016) 
-O.UlO** 
(0.132) 
-0.665** 
(0.223) 
-2.070** 
(0.220) 
-3.667** 
(0.371) 
0.920** 
(0.032) 
-0.006 
(0.006) 
-0.004 
(0.010) 
Table 15, (Continued) 
Dummy Variables 
Time* 
T V 
Constant 
term 
1 
Pork live price -0.198 
(0.132) 
-0.526** 
(0.132) 
-O.U73** 
(0.136) 
-5.U 0.992 
Pork wholesale price 
liveweight 
-0.096** 
(0.02U) 
1.375** 
(0.535) 
I.IU2* 
(O.U85) 
2.959** 
(O.73U) 
60.8 0.889 
Pork wholesale price 
carcass weight 
-0.168** 
(O.OUl) 
2.069* 
(0.903) 
2.0U5* 
(0.820) 
U.737** 
(1.239) 
107.8 0.893 
Pork retail price O.OU6** 
(0.012) 
0.221 
(0.335) 
0.757* 
(0.331) 
I.U9U** 
(O.3U9) 
13.1 O.97U 
®T = 1, 2, 3, U, hk, 
= 1 for 1st quarter, W = 0 for 3rd and Uth quarter. 
= 1 for 3rd quarter, W = 0 for 1st and Uth quarter. 
 ^= 1 for Uth quarter, W = 0 for 1st and 3rd quarter. 
®Based on reference (68). 
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= 0 + 0 + l/l) 
t t + t 
y'J' + 0 + L'^ ' + 
y't' = y't'^  c'so y't'• I'f + 
(2) /1\ (2) 
Here, for example, y^  ^  is the effect variable, and y^  ' and are cause 
variables, but not vice versa. 
Also, in Chapter II a diagram was presented to show the interrelation­
ships and interdependencies of the major endogenous and exogenous variables 
in the hog-pork economy. Therefore, based on the statistical results of 
the regression equations in this Chapter, the recursive mechanism of the 
model can be further described with respect to how predictions of the 
endogenous variables for the U.S. can be generated. This is shown in 
Table 16. 
On the left side of Table 16 are listed the endogenous variables and 
the respective notations, equation number and the time unit. Across the 
table, are the explanatory variables, which are either exogenous or 
predetermined endogenous variables. The elements in the matrix symbolize 
the time period lag. 
For time period (t), starting with sows six months or over on farms, 
January 1, the time trend and live hog price, January to June, of the 
prededing year are the cause variables. Here, the time trend is an 
exognous variable and live hog price is a predetermined endogenous vari­
able. Sows on farms, January 1, of the current year, in turn, serve as 
the cause variable for spring sows farrowing. The endogenous variables 
are generated one-by-one in subsequent order from the explanatory variables. 
This process can be continued until the quarterly commercial pork 
Table l6. Recursive matrix of aggregate endogenous variables and the corresponding explanatory 
variables in the hog-pork economy in the U.S. 
Explanatory variables 
Dependent variables 
Equation Time „ i 
number unit T^  PiT H S s -ii 
J 32 31 •IW 
Sows on hand, Jan. 1 (3.7) yearly (t) (t-1)^  
Sovs farrowing, spring S (3.8) yearly (t) 
Sows farrowing, fall 2^ (3.9) yearly (t) (t) 
Hog slaughter, spring 
1^ (3.10) yearly (t) (t—l) (t—l) 
Hog slaughter, fall 2^ (3.11) yearly (t) (t) (t) 
Pork production 
First quarter Qll (3.12) quarterly 
Second quarter 
1^2 (3.13) quarterly (t) (t—8) 
Third quarter 
«13 (3.1k) quarterly (t-4) 
Fourth quarter Sl4 (3.15) quarterly (t—6) 
Live hog price PL (3.16) quarterly (t) 
E^xogenous variable. 
L^ive hog price, Jan.-June. 
Table l6. (Continued) 
Explanatoryvariables 
Dependent variables 
Equation 
number 
Time 
unit Qr Q-. AY w. w. w. 
Sows on hand, Jan, 1 «2 (3.7) yearly-
Sows farrowing, spting S_ (3.8) yearly 
Sows farrowing, fall 2^ (3.9) yearly 
Hog slaughter, spring Cl (3.10) yearly 
Hog slaughter, fall 2^ (3.11) yearly 
Pork production 
First quarter 
Second quarter 
Third quarter 
Fourth quarter 
Live hog price 
\l (3.12) quarterly (t) 
Qi2 (3.13) quarterly (t) 
Qi3 (3.14) quarterly (t) 
JlU 
(3.15) quarterly (t) 
1 
IW 
(3.16) quarterly (t) (t) (t) (t) (t) (t) 
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production Is obtained. 
Based on Equation 3.12, total civilian pork consumption from commer­
cial pork production was derived by transforming the overall balance 
sheet Identity Into: 
c^t ^  ^t B^t I^t " ^Ot " ^It " ^mt * (3.16) 
Dividing the total civilian pork consumption by total civilian population 
of the same time period, the quotient was per capita civilian pork con­
sumption. By Inserting per capita civilian pork consumption, along with 
other explanatory variables, into Equation 3.16 quarterly live hog price 
can be generated. This is the end link of the causal chain for the time 
period (t), and serves as the initial link for time period (t+1). 
In Table 17, a causal relationship for regional hog production is 
shown. Using the functional relationships in Table 12, regional pork 
production by quarter were obtained. The sum of all regional estimates 
was adjusted to the respective U.S. aggregates. These results were 
utilized as restrictions in the programming model in Chapter IV. 
Table 17. Causal relationship of regional hog production in the U.S. 
Explanatory variable Table Time 1^ a 1^ b 
number unit T h g Ht g 1° c l° c 
Dependent variable 3^J 2 1 2 12 32 11 31 
Sows on hand, Jan. 1 «P 11 yearly (t) (t-k) 
Sows farrowing, spring 12 yearly (t) (t) 
Sows farrowing, fall 
2^ 12 
yearly (t) (t) (t) 
Commercial hog 
slaughter, spring 15 yearly (t) (t-1) (t-1) (t-1) 
Commercial hog 
slaughter, fall 2^ 16 yearly (t) (t) (t) (t) 
H^alf-year hog-corn ratio. 
Q^uarterly hog-corn ratio, Jan.-March. 
H^alf-year live hog price and corn price respectively; 1 = Jan.-June, 2 = July-Dec. 
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CHAPTER IV. PROGRAMMING MODEL FOR OPTIMUM INTERREGIONAL PORK TRANSFERS 
Elements of normative economics are involved in the analysis of op­
timum interregional product flows. Empirical results derived from the 
recursive models in Chapter III provided the required coefficients, and 
restrictions and initial conditions for use in the normative or linear 
programming model. 
Assumptions 
As a point of departure, this study has the following assumptions: 
all pork produced is consumed as fresh pork; all pork consumed and shipped 
is homogeneous; all possible pairs of regions are separated by a transpor­
tation cost per unit; there is no upper restriction on pork storage 
capacity; both processing costs and storage costs are uniform for all 
regions and all time periods; and finally, pork produced and also con­
sumed during period (t) incurs no storage costs. 
The Formal Model 
The objective of the economic model for optimum interregional pork 
transfers is to minimize the function. 
m n 
f(x) = Z I P X.., i=l, m regions, and (4,1) 
i=l j=l 
j=l, n activities; 
subject to the following constraints, 
1, Consumption: 
m a b c d e f 
.f, ^li = Z A + Z B + Z C + Z D + Z E + Z F. 
1-1 J=1 j=a+l J j=b+l J j=c+l J j=d+l J=c+1 J 
g 
+ Z G 
J=f+1 (4.2) 
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2. Beginning stock, pork from (t-2) supply: 
3. Beginning stock, pork from (t-l) supply: t 
Ja c f k 
4. Net current supply; 
m a g  n  
ni m in m 
i=l 2^i •" 3^i l^i' (4'G) 
6. Aj >0, Bj >0, c. > 0, Dj > 0, E. > 0, > 0, Gj =^0, ,.0, > 0, 
Lj 1 0. Oj 1 0, S. > 0, Tj > 0, Uj > 0, > 0, > 0, (k.?) 
The matrixes are described as follows: 
A = pork consumption of i-th region in period (t), from beginning stock of 
the same region left over from supplies in (t-2) period, which there­
after is designated as beginning stock of (t-2) supply, and the same 
applies to beginning stock of (t-l) supply and (t) supply of same 
region; 
B = consumption of i-th region in period (t), from beginning stock of (t-l) 
supply of same region; 
C = consumption of i-th region in period (t), from (t) supply of same 
region; 
D = consumption of r-th deficit region in period (t), inshipped from 
beginning stock of (t-2) supply of s-th surplus region; 
73 
E = consumption of r-th deficit region in period (t), inshipped from 
"beginning stock of (t-l) supply of s-th surplus region; 
F = consumption of r-th deficit region in period (t), inshipped from (t) 
supply of s-th surplus region; 
H = "beginning stock of (t-2) supply of i-th region consumed by same 
region in period (t); 
K = beginning stock of (t-2) supply of s-th surplus region, outshipped in 
period (t) to r-th deficit region for consumption; 
0 = beginning stock of (t-l) supply of i-th region consumed by same region 
in period (t); 
S = beginning stock of (t-l) supply of s-th surplus region outshipped in 
period (t) to r-th deficit region for consumption; 
U = (t) supply of i-th region consumed by same region in period (t); 
V = (t) supply of s-th surplus region outshipped in period (t) to r-th 
deficit region for consumption; 
G = L = T = W =  d u m m y  m a t r i x e s .  
Further, is the total cost occurred in the i-th region for the 
j-th activity, in period (t), for one unit of pork, and is the amount 
of pork involved in the i-th region for the j-th activity. 
The objective of the economic model is to minimize a function of x; 
namely, to minimize the sum of products formed by multiplying p.., total 
^ J 
costs occurred to each unit of pork, and 3^ ,^ the amount of pork involved. 
Equation k,2 states the the pork consumed in i-th region, in 
period (t), must equal (A. + B + C), the amount of pork available from 
0 0 J 
sources of supply within the same region, plus (D. + E. + P.), the amount 
J J J 
of pork available from sources of supply outside the i-th region. In 
other words, it should be impossible for i-th region to consume more than 
what is available. On the other hand, it is not efficient to transfer 
from other region(s) more pork than is demanded in period (t). 
Equation it.3 shows that beginning stock of (t-2) supply of i-th 
region, must equal the amount of pork to be consumed in the same region, 
plus Kj, the amount of outshipments to other deficit region(s) for consump­
tion, The meaning of the equality for the equation is two-fold. First, 
Rgi» the amount of beginning stock of (t-2) supply in i-th region, cannot 
be smaller than (H^  + K^ ), the sum consumed within the same region plus 
outshipments to other dificit region(s). Secondly, since fresh pork 
usually cannot be in storage more than six months, pork of (t-2) supply 
must be consumed in period (t). 
Equation 4.^  maintains that beginning stock of (t-l) supply of 
i-th region, must be equal to, or larger than, 0^ , the amount to be con­
sumed in the same region, plus the outshipments to other region(s) for 
consumption. R_., cannot be smaller than the sum of (O. + S.). It is 
J J 
hypothesized that, unless large losses are anticipated from seasonal price 
changes, (t-l) beginning stock would be left in storage for period (t+l), if 
possible, because of the savings on in-and-out handling charges. 
Equation h.3  shows that R^ ,^ the amount of (t) supply of i-th region, 
must be equal to or larger than U^ , the amount consumed in the same region, 
plus Vj, the outshipments to other region(s) for consumption. The rationale 
is the same as above. 
Equation k,6 denotes that ZR^ ,^ total amount of consumption of all 
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regions, must be equal to or smaller than (ZRgi + + ZR^ )^, the total 
amount available from all sources of supply. 
Finally, Equation U.7 specifies that all activities must be non-nega-
tive. This constraint may seem quite unnecessary. Since one cannot pro­
duce at a negative level or sell at a negative price, there is no a priori 
reason why a positive flow (from Region 3 to Region 1, for example) cannot 
be replaced by a negative flow (from Region 1 to Region 3). However, the 
non-negativity is included because the costs incurred from Region 1 to 
Region 3 are not necessarily the negative of the costs incurred from 
Region 3 to Region 1. Thus, the direction of flows must be borne in mind. 
The activity matrix for the optimum interregional transfers is pre­
sented in Table l8 with a total of 198 activities and 20 levels. 
In general, the rationale of Table 18 is that, first, any region 
would consume pork from two sources of supply in period (t): pork of local 
supply and pork transferred in from other region(s). The amount of pork 
consumed from local supply should be larger than zero for all regions. 
The amount of pork consumed from inshipments should be zero for all sur­
plus regions and larger than zero for all deficit regions. 
Secondly, taking the time element into consideration, pork consumption 
of any region from either source would be from (t-2) supply, (t-l) supply 
and/or current supply. Since fresh pork is rarely stored over six months, 
pork left from (t-2) supply should be exhausted in period (t). 
Thirdly, after the disposition of pork for local consumption and for 
outshipment(s) in any surplus region, the amount left would be the ending 
stock of period (t), which is also the beginning stock of period (t+l). 
Beginning stock from (t-l) supply could be placed in extended storage for 
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Table 18. Activity matrix for optimal pork transfers 
Consumption from local supply 
P Regions From From From 0 (t-2) (t-l) current 
supply supply supply 
8^ ^Ik Pl5*****P21 
1 1 1 1 
1 1 1 
Consumption 1 A 1 B 1 C 
1 1 1 
1 1 1 
1 1 1 
7 1 1 1 
1 1 
1 
1 
1 
H 1 
1 
7 1 
1 
Beginning 
stock from 
(t-l) . 
supply 
7 
1 1 
1 
Current 1 u 
supply 1 
1 
1 
7 . 1 
Total 
Activity 198 7 7 7 
Beginning 
stock from 
(t-2) 
supply 
Table 18. (Continued) 
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Consumption from transfers 
P Regions From 
° (t-2) 
supply 
p P 
22 * * 7^0 
1 0111111 
1011111 
Consumption 1101111 D 
1110111 
1111011 
1111101 
7 1111110 
1 0  1 1 1 1 1 1  
Beginning 1 0  1 1 1 1 1  
stock from 1 1 0  1 1 1 1  
(t-2) 1 1 1 0 1 1 1 
supply 1 1 1 1 0  1 1  
1 1 1 1 1 0  1  
7 1 1 1 1 1 10 
1 
Beginning K 
stock from 
(t-l) 
supply 
7 
1 
Current 
supply 
7 
Total 
Activity 49 
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Table l8. (Continued) 
Consumtption from transfers 
P Regions From 0 (t-1) 
supply 
71''"' * 119 
1 0111111 
1011111 
Consumption 1101111 E 
1110111 
1111011 
1111101 
7 1111110 
Beginning 1 
stock from 
(t-2) 
supply-
7 
1 0  1 1 1 1 1 1  
Beginning 10 1 1 1 1 1 
stock from 1 1 0  1 1 1 1  
(t—l) 1 1 1 0  1 1 1  
supply 1 1 1 1 0  1 1  
1 1 1 1 1 0  1  
7 1  1  1  1 1 1  0  
1 
Current S 
supply 
7 
Total 
Activity 
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Table l8. (Continued) 
Consumption from transfers 
Po Regions From 
current 
supply 
120 "'168 
1 0111111 
1011111 
Consumption 1101111 F 
1110111 
1111011 
1111101 
7 1111110 
1 
Beginning 
stock from 
(t-2) 
supply-
7 
1 
Beginning 
stock from 
(t-1) 
supply-
V 
7 
1 0  1 1 1 1 1 1  
1 0  1 1 1 1 1  
Current 1 1 0  1 1 1 1  
supply- 1 1 1 0  1 1 1  
1 1 1 1 0  1 1  
1 1 1 1 1 0  1  
7 1  1  1  1 1 1  0  
Total 
Activity- h9 
8o 
Table 18. (Continued) 
Dunnny variables 
Regions 
1^69* * • *^ 176 ^ 177* * • *^ 183 ^ l81t* * * *^ 191 ^ 192* * ' *^ 198 
1 1 
Consumption 1 G 
1 
1 
1 
1 
Beginning 
stock from 
(t-2) 
supply 
1 L 
1 
1 
1 
1 
Beginning 
stock from 
(t-l) 
supply 
1 T 
1 
1 
1 
1 
Current 
supply 
1 W 
1 
1 
1 
1 
Total 
Activity 7 
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period (t+l) or consumed in period (t), and pork left from current supply-
could be placed in extended storage for the next two successive periods, 
or consumed either in period (t+l) or period (t+2). Based on this ration­
ale, Eq,uations k.2, 4.3, 4.4 and 4,5 make up the main body of the activity-
matrix while Equations 4.5 and 4.6 serve as secondary constraints. 
The vectors in Table 18 can be grouped into three types (with only 
the non-zeros showing) as follows; 
(l) Vectors, 
A = B = C = C = 0 = u = G = L = T = W = 
a total of 7 activities for each vector. 
The diagonality in the above vectors indicate that only the activities 
of local origin are involved, excluding any from interregional shipments. 
Vectors G, L, T, and W are vectors of dummy activities, 
(2) Vectors, 
D = E = F = 
4^ 
6^ 
where each of the diagonal entries are subvectors; 
y^  = |011111l|, yg = |1011111|, y^  = |ll0111l|, yj^  = |lll011l|, y^  = |1111011| 
yg = lunioij, and y^  = 111112101, 
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a total of 7 activities for each suhvector and k9 activities for each 
vector. 
These vectors represent the pork consumption from inshipments of each 
respective (t-p) supply. Theoretically, for any region, pork can be 
shipped from any of the other six regions for consumption. Intraregional 
movement is excluded and, hence, it is expressed by a zero entry. The 
subvectors y\'s represent the seven inshipping regions, respectively. 
(3) Vectors, 
K = 8 = V = |z^ . Zg . Zg . . Zg . Zyl, 
vhere each of the column entries are subvectors: 
'3 
1^ = 
'5 = 
0 » ^ 1 
1 0 
1 1 
1 1 
1 1 
1 1 
1 1 
1 » Zg = 1 
1 1 
1 1 
1 1 
0 1 
1 0 
1 1 
1 . % = 1 
1 1 
0 1 
1 0 
1 1 
1 1 
1 1 
, and z^ = 
a total of 7 activities for each subvector and k9 activies for each vector. 
The three sets of vectors (K, S and V), thus show the outshipment of 
each respective (t-k) supply from one region to the other six regions for 
consumption. The subvectors z^'s represent the seven outshipping regions, 
respectively. 
It should be noted that though the y^'s and z^'s are of different form 
they are actually referring to the same activity. For example, p^^ is the 
total cost incurred with respect to the.cost of shipping one unit of pork 
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from Region 2 to Region 1, plus storage cost, and net loss due to seasonal 
price changes. In the same column for Region 1, there Is an activity of 
inshlpping pork from beginning stock (t-2) supply from Region 2, which is 
given in row 1; however, for Region 2, it involves the activity of out-
shipping the same shipment of pork from beginning stock of (t-2) supply 
to Region 1, which is given in row 9. 
Basic Elements 
Transportation centers 
With the definition of a transportation model, each region is separated 
by a transportation cost. This Implies that all regional imports and exports 
originate and terminate at a single point within each region, which serves 
as the transportation center. For mathematical convenience, this procedure 
allows transportation rates to be used in a manageable form with a single 
rate for each shipment from one region to another. 
The "center of gravity" concept was used in the selection of the 
transportation centers. Accordingly, a very large city with a large 
amount of trade in a region which has no other cities, or In which other 
cities are of the same size and evenly distributed was selected for each 
region (using also Interstate Commerce Commission 1-percent waybill 
sample). These centers are specified in Figure 1 in Chapter I. 
Costs 
Three types of cost are involved; namely, transportation cost, 
storage cost and net loss due to seasonal price change. 
Transportation costs from point of origin to point of destination, 
based on the breakdown of regions and the designation of transportation 
centers discussed above, were developed from a study by Motes (50). Rail 
rates, rather than truck rates, were selected because of the availability 
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of data and the fact that, traditionally, railroads have dominated long-
haul movements of livestock and meat (with rail rates generally being 
lower than truck rates). Further, due to the ICC exemption clause, actual 
3 truck rates are usually lower than the quoted rates. Transportation costs 
charged for transferring fresh pork from point to point are listed in 
Table 19. 
Storage costs are a composite of charges in handling and storing fresh 
pork. Interest for Qn capital investment and losses due to freezing are 
also included. The information on storage costs was obtained from public 
warehouses in Sioux City, Iowa. Charges for interest and freezing discount 
were based on rates presented in Tolley and Harrell (62). They are listed 
in Table 20. 
Finally, using the predicted quarterly pork live prices in Chapter 
III, the gain or net loss due to changes in seasonal prices was computed. 
The cost matrix is presented in Table 21. Transportation cost in­
volved in pork interregional transfers are expressed by the notation, y. 
Intraregional inshipment was assumed as costless. The notations q and z 
represent storage costs and net loss due to seasonal price changes, 
respectively. These two costs occurred only when the pork consumed 
originated from beginning stocks. 
Questions might be raised as to why storage costs and net loss due 
to seasonal price changes accounted only for one half of a period. The 
"The trucking industry is reluctant to disclose the actual rates 
charged to the public and regards them as trade secrets, which makes the 
obtaining of truck rate data almost an impossibility. 
Table 19. Estimated freight rates by rail from point to point in cents per 100 pounds for fresh 
pork, 1961 and I962* 
Origin Destination 
New York Chicago Omaha Atlanta Dallas Denver Fresno 
New York MB — ••IM 195.9 
Chicago 211.9 127.0 200.3 199.5 430.6 
Omaha 292.80 127.0 260.7 227.5 240.7 403.0 
Atlanta 2U5.8 225.2 233.2 —— 223.7 —— 
Dallas 373.2 233.7 230.2 223.7 —— 298.7 431.4 
Denver 394.9 270.6 290.0 —— 187.8 
Fresno 667.0 —~ 521.9 — —— — 
1962 
New York 
—— 202.1 ——— —— 
Chicago 218.6 
——— 131.0 206.6 205.7 —— 444.1 
Omaha 302.0 131.0 268.8 234.7 248.3 415.6 
Atlanta 253.4 232.2 240.4 ———* 230.7 —— 
Dallas 384.9 *242.0 237.4 230.7 —— 308.0 444.8 
Denver 407.2 279.1 ——— 299.1 —— 193.7 
Fresno 687.8 —— 538.3 — — 
Extrapolations from 1954 and I96U estimates in Motes (50). 
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Table 20. Storage charges in cents per 100 pounds, for fresh pork, 196I 
and 1962 
Charges One 
month 
One and one-
half months 
Three 
months 
Unit charge per 
Handling in an out 
Storage per month 
Interest 
Discount due to freezing 
Total 
50 
23 
25 
h2 
iho 
(Cents) 
50 
35 
38 
63 
186 
50 
69 
75 
126 
320 
Table 21. Cost matrix for optimum pork transfer^  
Consumption from local supply Consumption from transfer Dummy variables 
From From From From From From 
p Regions (t-2 ) (t—1 ) current (t-2) (t-1) current 
supply supply supply supply supply supply 
9,1 .^1 .^1 .^1 9,1 P.1 P.1 9.1 Pj P, 
Consumption 
1 
7 
4^g+z) q+z) (0) q+z) 
+(y) 
q^+z) 
+(y) 
(y) 
1 
Beginning • 
stock from 
(t-2) 
• (^q.+z) (^q+z) 
supply 
7 
+(y) 
1 
Beginning . 
stock from 
(t-1) 
• •^(q+z) (^ q+z) 
supply 
7 
+(y) 
1 
Current a (0) (y) 
supply 
7 
S^ee text for notations. 
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explanation is this: average of one half of a period is allotted to 
these costs if we reason that pork from (t-1) supply is consumed over the 
whole period (t), some at the beginning of, some in the middle of, and 
some at the end of period (t). Further, costs for period (t-1) already 
have been included in the total costs for period (t-1) consumption. The 
major concern based on the anticipated price changes, here for period (t), 
is whether it is more economic to consume the pork of (t-1) supply in 
period (t), or to leave them in storage to be consumed in period (t+1). 
Restrictions 
Four sets of restrictions were specified for each quarter year. 
The civilian consumption restriction by region was obtained from the 
prediction demand Equations 3.11 in Chapter III. Net (t) supply is the 
sum of pork production in period (t), adding imports and subtracting exports 
and militairy consumption. Both aggregate and regional net (t) supply were 
the predicted results from the recursive system in Chapter III. (For the 
regional pork production, see functional relationship in Table 12 and 
results in Table 13.) The initial predicted values were adjusted to the 
predicted quarterly U.S. pork production. 
The difference between predicted aggregate consumption and net 
supply in period (t) is the aggregate ending stock of period (t), which 
in turn will serve as beginning stock of period (t+1). Also, the pre­
dicted regional consumption and net supply of pork will be respective 
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restrictions. However, the amount of respective regional ending stocks 
will not be specified, since it will be obtained as part of the linear 
programming results. 
Pipeline storage 
The term "pipeline storage" means the minimum amount that each region 
is required to keep in storage to avoid temporary shortage over time gaps 
of either production or inshipments. 
After comparing the amount of quarterly pork in cold storage holding 
in the past five years, it was found that the fourth quarter ending stock 
of 1960 was one of the smallest. Therefore, mainly for convenience, this 
was chosen as the pipeline storage for each region. 
Historically, East Northcentral and West Northcentral were the 
only pork surplus regions. In view of the large population and small 
pork surplus in the East Northcentral region, it was hypothesized that 
for this region a minimum pipeline storage was needed for local con­
sumption and shipments to other deficit regions. With a quite large 
amount of surplus in West Northcentral pipeline storage was not deemed 
necessary. 
Time period 
A total of six quarter-year periods was selected, in line with the 
study's general objective of short-run forecasting. The time period 
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spanned from the first quarter of 1961 to the second quarter of 1962. 
Empirical Results 
The results of the six programs for optimal pork transfers for 
the period of first quarter, 1961 to second quarter, 1962 are listed 
in Tables 22 to 27 and Figure 8. 
These tables indicate, first, the net pork supply in period (t) 
for each region. They also present the least cost solution of pork 
transfers for specified time periods by origin and destination, and 
also regional consumption from local supply for each specified time 
period. Finally, they show the amount of ending stock for each 
region. 
In examining the results, a certain pattern can be found in 
optimal pork transfers. As stated previously, there are only two 
surplus regions. East Northcentral and West Northcentral, while the 
others are deficit regions. 
Pork surplus in East Northcentral is relatively small, ranging 
from 13 percent of net pork supply of that region in the second quarter, 
1962 to 26 percent in the second quarter, 1961. 
In all six least cost solutions, the entire surplus in the East 
Figure 8. Least cost solution for pork interregional transfers, in million 
pounds, first quarter, I96I to second quarter, I962 
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AMOUNT 
1961 
1962 
shipped tn-

Table 22. Least cost solution for 1st quarter 1961, pork shipments, in carcass weight equivalent 
Region 
Wet 
(t) 
supply 
Pork consumption 
From local supply " 
From 
(t) 
supply 
krom 
pipe- Total 
line 
r^om Inshipments 
if'rom iFrpm 
Region Region Total 
II and III of 
(t) (t) 
supply supply 
Ending stock 
Pipe- From From 
Total line (t-l) (t) Total 
supply supply 
(million pounds) 
I 237 223 lU 237 199 230 429 666 l4 — —— l4 
II 799 552 ka 600 — —— 600 48 —— —— 48 
III 1079 2Ul —— 2kl — —— — 241 — 75 74 149 
IV 351 338 13 351 Ikl l4l 492 13 — —— 13 
V 103 97 6 103 —— IU6 146 249 6 — —— 6 
VI 51 48 3 51 1»3 43 94 3 —— 3 
VII 93 82 11 93 —— 204 204 297 11 —— — 11 
Total 2713 1581 95 1676 199 764 963 2639 95 75 74 244 
Table 23. Least cost solution for pork shipments, 2ncL quarter 1961, in carcass weight equivalent 
Pork consumption 
Net From local supply From inshipments From ending stock 
Region (t) From From From From From Pipe­ From From 
supply (t) (t—2) pipe-> Total Region Region Total Total line (t—1 ) (t) Total 
supply supply line II of III of supply supply 
(t) (t) 
supply supply 
(million pounds) 
I 219 205 —— — 219 201 223 k2k 6U3 lU —— —— lU 
II 782 533 — 1+8 581 —— — 581 48 — U8 
III I02U 157 75 — 232 —- — — 232 — 7k 71 1U5 
IV 322 309 —— 13 322 —— 163 163 U85 13 —— —— 13 
V 8U 78 — 6 8U 157 157 2U1 6 —— — 6 
VI U6 43 —— 3 k6 —— 1*6 h6 92 3 —— —— 3 
VII 81 70 — 11 81 — 207 207 288 11 — —- 11 
Total 2558 1395 75 95 1565 201 796 997 2562 95 7U 71 2U0 
Table 2k .  Least cost solution for pork shipments, 3rd quarter I96I, in carcass weight equivalent 
Pork consumption Ending stock 
From inshlpments 
Net From local Supply From Region III 
Region (t) From From From From From Pipe- From From 
supply (t) pipe- Total Region (t) (t-2) Total Total Total line (t-l) (t) Total 
supply line II of supply supply supply supply 
(t) 
supply 
(million pounds) 
I 209 195 l4 209 19U 22k —• 22k 4l8 627 14 — — 14 
II 761 519 48 567 567 48 — — 48 
III 98U 226 —— 226 226 — 71 22 93 
IV 30k 291 13 30U 169 — 169 169 473 13 — — 13 
V 12 66 6 72 136 27 163 163 235 6 — — 6 
VI h3 Uo 3 h3 —— —— 47 47 47 90 3 — — 3 
VII 75 6U 11 75 —— 207 — 207 207 282 11 — — 11 
Total 2khQ 1401 95 1U96 194 736 74 810 1004 2500 95 71 22 188 
( 
Table 25. Least cost solution for pork shipments, Uth quarter, 1961, in carcass weight equivalent 
Pork consumption 
Net From local supply From inshipraents Ending stock 
Region (t) From From From From From Pipe­ From From 
supply (t—2 ) (t) pipe- Total Region Region Total Total line (t-1) (t) TotaJ 
supply supply line II of III of supply supply 
(t) (t) 
supply supply 
(million pounds) 
I 255 —— 2Ul Ik 255 218 197 Ul5 670 Ik —— — lU 
II 853 587 U8 635 —— — —— 635 U8 —— —— U8 
III 1303 71 182 —— 253 —— —— —— 253 — 22 310 332 
IV 350 —— 337 13 350 — 179 179 529 13 —— —— 13 
V 102 — 96 6 102 —— l60 l6o 262 6 • — — 6 
VI 50 —— U7 3 50 51 51 101 3 —— — 3 
VII 92 —— 81 11 92 —— 224 224 316 11 — — 11 
Total 3005 71 1551 95 1737 218 811 1029 2766 95 22 310 lt27 
Table 26 ,  Least cost solution for pork shipments, 1st quarter 1962, in carcass weight equivalent 
Pork consumption 
Net From local supply From inshipments Ending stock 
Region (t) From From From From From From Pipe­ From Total 
supply (t-2) (t-i) (t) pipe- Total Region Region Total Total line (t—1) 
supply supply supply line II of III of supply 
(t) (t) 
supply supply 
(million pounds) 
I 2U5 — —— 231 Ik 245 139 360 U99 7UU 14 —— Ih 
II 81k — —— 627 he 675 —— — —— 675 U8 —— U8 
III 1222 22 20 229 —— 260 —— " —— 269 —— 290 290 
IV 378 — — 365 13 378 —— 173 173 551 13 — 13 
V 111 —— —— 105 6 111 — 167 167 278 6 
— 
6 
VI 55 —— —— 52 3 55 — 53 53 108 3 — 3 
VII 97 — — 86 11 97 —— 2U2 2h2 339 11 —— 11 
Total 2922 22 20 1693 95 1830 139 995 1134 296k 95 290 385 
Table 27. Least cost solution for pork shipments, 2ncl quarter 1962, in carcass weight equivalent 
Pork consumption 
From inshipments 
Wet From local supply From Region III Ending stock 
Region (t) From From From From From From Pipe- From 
supply (t-2) (t) pipe- Total Region (t-2) (t) Total Total Total line (t) Total 
supply supply line I of supply supply supply 
(t) 
supply 
(million pounds) 
I 217 — 203 I k  217 133 92 247 339 472 689 14 —— 14 
II 760 —— 579 48 627 627 48 —— 48 
III 1080 30 219 — 2h9 249 — 163 163 
IV 339 —— 326 13 339 — 171 171 171 510 13 —• 13 
V 90 —— 8U 6 90 — 168 — 168 168 258 6 —— 6 
VI U8 45 3 1*8 —— — 52 52 52 100 3 —— 3 
VII 85 —— 7U 11 85 —— —— 228 228 228 313 11 —— 11 
Total 2619 30 1530 95 1655 133 260 698 958. .4.091. .2746 95 163 258 
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Northcentral region is shipped to the Northeast, namely. Region I. This 
is due to the transportation cost advantage over the West Northcentral 
region and the greater demand for pork in Region I than in the Southeast 
— the next nearest destination of pork shipments from the East North-
central region. 
The West Northcentral region has a small population and a large 
supply, hence, a large surplus. This surplus supply ranged from 81 per­
cent of the net supply in the fourth quarter, 1961 to 77 percent in the 
third quarter, 1961. The surplus pork shipped from the East Northcentral 
to the Northeast only satisfied about 50 percent of the deficit in pork 
in the Northeast region. The remaining pork deficit in the Northeast 
is supplied by the West Northcentral region. 
The total interregional pork shipments amounted to roughly 35 per­
cent of total pork supply. About 40 percent of total pork supply in the 
nation is supplied by West Northcentral and approximately 80 percent of 
the total interregional shipments. 
Of the five deficit regions, the Northeast is the largest pork con­
suming region. It accounted for about 45 percent of all interregional 
pork transfers and two-thirds of its pork consumption were pork inship-
ments. 
Although the West Coast is the next to the smallest pork producing 
region, it received a large amount of pork (only second to the Northeast) 
and it also accounted for about two-thirds of its pork consumption. 
Interregional pork transfers for the combination of Southwest, 
West Southcentral and Mountain regions amounted to around 40 percent 
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of total inshipments, which accounted for about one-third, two-thirds and 
50 percent of total pork consumption in these regions, respectively. 
It should be noted that pipe-line inventory would be consumed first, 
because of the FIFO (first-in, first-out) practice for all deficit regions, 
and the East Northcentral region (since it did not have ending stock other 
than pipe-line inventory). For pipeline inventory, therefore, no consi­
deration was given to storage costs and/or net losses due to seasonal pork 
price changes. 
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CHAPTER 5. ECONOMIC IMPLICATIONS AIID EVALUATION OF RESULTS 
Economic analysis for purpose of policy and decision making can be 
regarded as a task of providing information with respect to economic in­
sight about the future — economic forecasting. This does not necessarily 
mean a disregard of economic analysis which seeks understanding about econ­
omic process and structure. One can argue that studies of the interrelation­
ships of structural parameter are basic to the development of an economic 
forecasting model, for without the former, the forecasting results would 
be devoid of economic content. 
Analysis can be undertaken at a national or a regional level, depending 
upon the study objectives and the corresponding designation of decision 
units. Or functionally, the analysis can be conducted in a framework of 
the entire economy, a particular sector of the economy, a specific industry, 
or a firm. 
On basis of time, information can be provided in terms of the short-
run or the long-run. Usually, in a long-run study, major structural para­
meters may be expected to change. A simulation model provides for changes 
in specified variables and shows the results of these changes. In the short-
run, however, a stationary economic structure may be assumed, thus allow­
ing for continuous projection using historical coefficients. 
For policy making, projected and programmed information in a short-
run context is useful to public and quasi-public agencies of national or 
regional scope. Public agencies at the national level, such as the U.S. 
Department of Agriculture and the U.S. Department of Commerce, need inform­
101 
ation concerning the location of market areas, employment and capital in­
vestment, and the pattern of imports and exports, and of product flows. 
For regional and state agencies, such as state development commissions, 
and quasi-public agencies, such as trade associations, this information is 
useful to serve as a guide in locating packing plants, warehouses, highways 
and roads, and other public facilities. 
In the private sector meat packing business, transportation agencies, 
and similar organizations need information to better cope with future 
uncertainty, particularly with regard to future investments in relation 
to location of market and supply areas. 
Finally, with reference to appraising the economic models used for 
producing information of value in decision making, two approaches are 
commonly used. The first approach is to compare the empirical results 
with the results of a naive model and/or with the reported historical data. 
The second approach involves examination of differences between the model 
in question and similar or related studies with respect to assumptions, 
hypotheses and the analytical methods or techniques used. 
Both of these approaches are applicable to the forecasting analysis. 
The programming model which is based on normative analysis, is evaluated 
by the second approach. 
Forecasting Model 
Theil (61) divided the analysis of forecasts into three catagories: 
(a) the basis used in formulating the theoretical framework, (b) the in­
fluence of the forecasts on the individual or group behavior, and (c) the 
problem in the verification of the accuracy of the forecasts. The discussion 
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in Chapter II dealt with the first part. In this Chapter the emphasis is 
on the short-run findings. When generated from an apffregate study such as 
this, the results provide information only to serve as basis or guideline 
for decision making. It is by no means designed to be used as a recipe 
for whatever action an individual or a group may take. In more technical 
terms, the empirical results from this study will act as exogenous varia­
bles, to be used in other analytical frameworks at various decision making 
levels. For example, the predicted live hog price for a certain time per­
iod will affect decision making but only in the context of several other 
variables, such as the number of hogs to be fed, the price of feed, the 
size of facility, the supply of Isbor, weather, sanitation regulations, 
and so on. Hog price alone is not sufficient information for a sound de­
cision making. 
The usefulness and effectiveness of such information has a greater 
impact on the party concerned and, subsequently, the whole economy as the 
scope of operations becomes broader; i.e., when the decision making in­
volves the meat packing industry and state or federal agencies. 
Comparison with naive model 
Only one of the objectives of this study is to develop appropriate 
mathematical procedures for whort-run forecasting. The other objectives 
involve (a) the identification of interrelationships and interdependencies 
among these variables, and (b) the illustration of the operational mech­
anism of the hog-pork economy. It is hypothesized therefore that this 
procedure is superior to any one of those based on simple models of mar­
ket behavior. 
The alternative models of the hog-pork economy were designated as 
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"naive" models. They assumed that the future is very much like the past. 
They involve essentially straight-forward extrapolations of recent prices 
and production into the future. 
Nearness of the predicted value to the reported value from one time 
period to the next represented one test of superiority for the various 
forecasting models. If the forecasting model failed to yield as accurate 
an estimate of future live price or commercial slaughter as the naive 
model, then the superiority of the forecasting model must he found in 
terms of other criteria. 
The second test of superiority for the forecasting model vas the 
degree of completeness of the description of process and structure vithin 
the hog-pork economy. A more complete description offers a more satis­
factory basis for budgeting the scheduling activities among meat packers. 
This last criteria motivates a major part of this study and particular­
ly the discussion of the detailed parts of the forecasting model. 
To elaborate further regarding the initial hypotheses, two sets of 
five "naive" prediction models of the hog market — one set for price 
predictions and the other set for output predictions — were developed; 
they were used, finally, to prepare a series of four quarter-year fore­
casts. The forecasts, which were made for the I96I calendar year, are 
summarized in Table 28. The equations that were involved in making these 
quarterly forecasts include five price equations and five slaughter equa­
tions as follows; 
Live price equations: 
(5.1) 
3tw 3t(w-l) ' 
Table 28. Reported, predicted values from naive models and recursive model for hog live price in 
dollar per hundred weight "by quarter year, and total commercial hog slaughter in 
thousands of head, "by half-year and quarter-year, 196I 
Quarter- Reported Predicted value Predicted value from naive model 
year value from recursive Model 1 Model 2 Model 3 Model 4 Model 5 
model 
Live price 
Jan.-March 18.16 17.65 18.00 17.77 18.15 18.11 18.75 
April-J une 17.46 16.94 18.16 17.60 18.02 18.13 19.96 
July-Sept. 18.37 17.44 17.46 17.39 17.74 18.00 19.05 
Oct.-Dec. 17.11 16.65 18.37 18.03 18.55 18.16 18.87 
Commercial slaughter 
Jan.-March 19,974 20,052 19,216 21,556 19,891 18,799 
April-June 18,535 19,974 19,993 19,993 19,886 16,061 
Total 38,509 39,381 40,026 39,209 41,549 39,777 35,860 
July-8ept. 17,433 18,535 18,943 18,417 19,957 17,669 
Oct.-Dec. 21,393 17,433 18,746 19,737 20,008 15,854 
Total 38,826 39,911 35,968 37,689 38,154 40,065 33,523 
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= 0.704 + 5.100** P-J;, = 0.055 (5.2) 
(1.085) 
3^t» = ^ -33^  -;T=T« P3i(v.l, 3^i(w-.) • 
= 0.516 (5.3) 
=(0°;WT') = °-3«: <'•'" 
< = - 3 t \ v - x ,  - 3 î ( . - x ) .  
R^  = 0.18U (5.5) 
Commercial slaughter equations: 
C_^ = C 
3tw 3t(w-l) (5.6) 
C = 15,617 + 0.179 C ( ), r^  = 0.321; (5.7) 
(0.209) ' 
= 3.833 +^ 0.190^  +^ 0.g8.. 
= 0.538 (5.8) 
ACL,^  = 15.35 - 0.060 AC_., r^  = 0.004 (5.9) 
(0.201) 
= "»3.T .^ 0.053^  .^ 0.8.5.. . 
R^  = 0.808 (5.10) 
where 
1 p 
3t(w-k) = average live price, in dollars per hundred weight of 200-
220 pounds slaughter barrows and filts at Chicago, t^  ^
year, (w-k)^  ^quarter (w = 1, 2, 3, 1^ ); 
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C_,/ \ = total commercial hog slaughter, in thousands, t^^ year, 
3t V v-k; 
(v-k) quarter; 
^^3t(v-k) " ^3t(w-k) " ^3t(w-k-l) ' (5.11) 
^St(w-k) ^  ^ 3t(w-k) " St(vr-k-l) ' (5.12) 
Table 28 consists of the reported value, and the predicted value 
from "both of the naive model and the recursive model, for live hog price 
and commercial hog slaughter hy quarter-year I961. 
The predicted live prices of the recursive model are reasonably close 
to the reported values for all four quarters in I961. Moreover, it is 
important to note that these values also followed the same up-and-doim 
pattern of the reported values, in conjunction with the seasonal price 
variations; moreover, they varied with almost exact proportion in their 
up-and-down's. In contrast, the predicted values of the five naive models 
showed, not only erratic behavior patterns, but also with opposite season­
al price variation tendencies. For example, the July-to-September values 
of Model 1 to Model of naive model are the lowest of all four quarters. 
This is in contradiction to the historical seasonal price variation pattern. 
In Model $, price for the period of April-June is the highest. This again, 
is in contradiction to historical trends. 
Similar conclusion can be made for the predicted values of commercial 
hog slaughter, based on the recursive model, even though it may be a little 
less conclusive than its counterpart in live price prediction.^ The 
Only half-year predicted value is available for recursive model. 
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absolute margin of difference between these values and the reported values 
may seem larger in some cases when comparing with the margin of difference 
between the predicted values of naive models and the reported values. How­
ever, a closer examination of these three sets of value reveals that the 
predicted commercial slaughter from the recursive model possesses the same 
seasonal pattern as the reported data. The predicted values of the naive 
models included an erratic seasonal trend, the same as that in live price 
predictions. This is the case for all naive models except Model U. In 
Model 4, both for live price and slaughter prediction variation in the 
estimates for all four quarters is extremely small. Further, both for live 
price and slaughter, the predicted values are positively correlated, which 
is logically unacceptable. These deficiencies in the naive models are 
sufficient grounds to rule out their usefulness. 
Use of the commercial hog slaughter variable may contribute to the 
unsatisfactory forecasts. From hind-sight it is apparent that quarter-
year commercial pork production would be the preferable dependent variable 
that would yield predictions closer to the reported values (inasmuch as 
half-year interval tends to conceal part of the quarterly seasonal varia­
tion in the hog-pork economy). 
Comparisons with reported values 
Fundamentally, an economic model can include four types of relation­
ships — behavioral, technical, structural and definitional. The fore­
casting model in this study is essentially a system of behavioral relations. 
It involves the preliminary purpose of identifying the causal relationships 
and interdependencies of the major parameters in the hog-pork economy, and 
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the ultimate purpose of forecasting prices at various market levels, pro­
duction at various stages, and pork consumption. Of the four relation­
ships, the accuracy of predictions for the major variables is definitely 
of more importance in behavioral relationships than in the other three 
types of relationships. 
In the preceding discussion, the predicted values based on the recur­
sive analysis for live hog price and commercial hog slaughter were compared 
with the corresponding reported values, and with the results of various 
naive models. The conclusion is that the results from a recursive model 
are superior than those from the naive models. 
In this section, to verify the accuracy of the predictions from time 
series data that are based on the recursive system, two commonly used 
methods are adopted (6l). The first method is to determine the rate of 
deviation of the predicted value from the reported values. The second 
method is to check the precision of coinciding the predicted and reported 
values at each turning point. Theil (6l, p. 32 and p. 170) suggested two 
tests for these two methods of verification. For the former, an index of 
dispersion, U, is derived that measure the degree of deviation of predicted 
values from the reported values. It is in the mathematical form. 
where "P" refers to the predicted value and "R" refers to the reported 
value. For the second method of verification, a test of turning point 
error can be calculated from the ratio. 
NQ - S (P-R)^  
u 9 (5.11) 
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f + f 
TPE = (5.12) 
11 22 
where "f" refers to the direction that the individual prediction take from 
the preceding period. The first subscript refers to the predicted value 
while the second subscript refers to the reported value. A subscript of 1 
denotes an increase from the preceding period and a subscript of 2 denotes 
a decrease from the preceding period. 
The predicted and reported values for all the major endogenous vari­
ables in the recursive chain relationships from 195^ to i960 are summarized 
in Table 29, and the reported and predicted values for the first quarter of 
1961 to the second quarter of 1962 are summarized in Table 30, 
As stated in Chapter III, all regression equations, with only a few 
exceptions, were based on time series data of 19^9 to I960. These major 
endogenous variables were generated recursively for the period of first 
quarter, I96I to second quarter, I962. The predicted values for a parti­
cular variable for the period of 19^9 to I960 were obtained, therefore, by 
summing the reported values of each explanatory variable and multiplying by 
the corresponding regression coefficient. For the latter, the predicted 
values were generated within the framework of a recursive system, by using 
the same regression coefficients, and multiplying the predicted, lagged or 
non-lagged, explanatory variables. 
The results from the tests of dispersion and turning point error for 
1954 to i960 are listed in Table 31. Tests were not made for the re­
gional pork consumption variable since it is almost identical to commer­
cial hog slaughter in both direction of movement and degree of deviation. 
For many of the production and inventor^"- variables, a divergence 
Table 29. Reporte# and predicted values of endogenous variables of the hog pork economy, U. S. and 
by region, 195^ -60 
Variable Unit Reported 
or 
Predicted 195% 1955 1956 1957 1958 1959 19éO 
Sows, 6 mo, and over 
on hand, Jan. 1 
U.S. 1000 head R 8,U20 9,063 8,557 8,064 8,355 8,819 8,567 
1000 head P 8,497 9,090 8,482 8,060 8,532 8,994 8,237 
I 1000 head R 182 196 197 172 160 171 170 
1000 head P 185 188 195 172 162 167 175 
II 1000 head R 2,415 2,586 2,556 2,421 2,417 2,409 2,301 
1000 head P 2,Ul9 2,549 2,6l4 2,445 2,491 2,438 2,305 
III 1000 head R U,235 4,538 3,980 3,681 3,978 4,231 3,955 
1000 head P 4,273 4,591 3,953 3,701 3,998 4,264 3,768 
IV 1000 head R 1,095 1,198 1,278 1,298 1,309 l,4o4 1,403 
1000 head P 1,124 1,215 1,221 1,262 1,359 1,445 1,443 
V 1000 head R 312 350 362 318 307 391 338 
1000 head P 323 350 318 303 330 381 349 
VI 1000 head R 82 88 85 82 87 106 102 
1000 head P 81 90 84 84 93 103 99 
VII 1000 head R 99 107 99 92 97 107 98 
1000 head P 101 107 97 93 99 106 98 
Table 29. (Continued) 
Variable Unit Reported 
or 
Predicted 195% 1955 1956 1957 1958 1959 I960 
Spring farrowing 
Dec.-May 
U.S. 1000 head R 7,669 8,359 7,665 7,283 7,%28 8,278 6,790 
1000 head P 7,588 8,179 7,667 7,261 7,500 8,380 6,770 
I 1000 head R l6l 173 170 1%7 136 1%7 13% 
1000 head P 159 171 171 1%8 136 1%5 133 
II 1000 head R. 2,220 2,%0% 2,317 2,207 2,171 2,3%6 2,095 
1000 head P 2,202 2,3%2 2,313 2,225 2,190 2,355 2,0%5 
III 1000 head R 3,915 %,2%7 3,572 3,377 3,556 3,937 3,17% 
1000 head P 3,86% %,155 3,59% 3,3%5 3,598 %,021 3,127 
IV 1000 head R 960 1,059 1,139 1,139 1,1%% 1,329 1.018 
1000 head P 95% 1,0%9 1,123 1,132 1,15% 1,331 1,0%1 
V 1000 head R 256 305 308 265 258 339 229 
1000 head P 255 293 307 260 261 3%1 278 
VI 1000 head R 75 81 78 71 79 95 68 
1000 head P 73 79 76 7% 79 95 72 
VII 1000 head R 82 90 81 77 8% 93 72 
1000 head P 82 90 83 77 82 92 7% 
Fall farrowing 
June-Wov. 
U.S. 1000 head R 5,Oik 5,586 5,19% 5,255 5,88? 6,128 5,855 
1000 head P 5,0l6 5,5%0 5,165 5,305 5,6^ 2 6,245 5,83% 
Table 29, (Continued) 
Variable Unit Reported 
UX 
Predicted 195^  1955 1956 1957 1958 1959 i960 
I 1000 head R 137 148 133 122 124 132 119 
1000 head P 136 139 136 125 122 125 123 
II 1000 head R 1,696 1,877 1,785 1,735 1,914 1,974 1,945 
1000 head P 1,673 1,880 1,780 1,770 1,856 2,020 1,960 
III 1000 head R 1,975 2,225 1,984 2.136 2,474 2,549 2,499 
1000 head P 1,981 2,279 1,981 2,115 2,316 2,587 2.4o6 
IV 1000 head R 837 909 918 912 968 1,057 920 
1000 head P 843 857 900 932 939 1,085 950 
V 1000 head R 2kk 292 255 226 266 290 233 
1000 head P 255 256 249 242 267 317 261 
VI 1000 head R 56 60 55 57 64 77 72 
1000 head P 58 57 55 55 65 73 70 
VII 1000 head R 69 75 64 67 76 80 67 
1000 head P 70 72 64 66 77 82 74 
Commercial hog 
slaughter Jan.-June 
U.S. 1000 head R 29,611 34,440 39,956 35,892 34,150 39,006 41,321 
1000 head P 29,735 34,413 38,929 36,521 33,422 38.953 41,667 
I 1000 head R 3,482 3,893 4,236 4,094 3,784 3,772 3.883 
1000 head P 3,497 3,879 4,306 4,051 3,749 3,799 4,164 
Table 29. (Continued) 
Variable Unit Reported 
or 
Predicted 195^  1955 1956 1957 1958 1959 i960 
II 1000 head R 7,925 9,083 10,224 9,617 9,037 9,640 10,429 
1000 head P 8,000 9,188 10,118 9,724 8,925 9,610 10,630 
III 1000 head R 11,503 13,631 16,062 13,634 13,158 16,003 16,776 
1000 head P 11,861 13,^ 50 15,455 13,720 12.551 15,817 17,085 
IV 1000 head R 3,606 4,034 4,858 4,817 4,722 5,783 6,177 
1000 head P 3,U76 4,187 4,746 4,929 4,706 5,875 5.643 
V 1000 head R 1,223 1,449 1,868 1,483 1,377 1,528 1,656 
1000 head P 1,111 1,462 l,7l4 1,695 1,371 1,678 1.747 
VI 1000 head R 618 738 822 753 714 794 902 
1000 head P 609 725 813 791 706 702 892 
VII 1000 head R 1.257 1,613 1,886 1.494 1,358 1,486 1.498 
1000 head P 1,181 1,522 1,777 1,611 l,4l4 1,472 1,506 
Commercial hog 
slaughter July-Dec. 
U. S .  1000 head R 35,216 39,776 38,557 36,703 36,815 42,576 37,635 
1000 head P 34,835 39,128 38,351 36,866 37,068 41,827 37,162 
I 1000 head R 3,852 4,142 4,176 3,911 3,738 4,054 3,526 
1000 head P 3,728 4,061 4,148 3,912 3,790 3,964 3,918 
II 1000 head R 9,262 9,888 10,011 9,483 9,310 10,052 8,868 
1000 head P 9,361 10,115 9,891 9,439 9,220 9,940 8,968 
Table 29. (Continued) 
Variable Unit Reported 
or 
Predicted 195^  1955 1956 1957 1958 1959 i960 
III 1000 head R iU,838 17,271 15,891 15,068 15,770 19,086 16,475 
1000 head P 14,580 16,761 15,803 15,312 15,893 18,960 15,800 
IV 1000 head R 3,698 4,291 4,498 4,586 4,512 4,900 4,794 
I 
1000 head P 3,739 4,270 4,573 4,531 4,512 4,900 4,794 
V 1000 head R 1,390 1,659 1,517 1,430 1,352 1,725 1,320 
1000 head P 1,348 1,514 1,547 1,443 1,402 1,675 1,447 
VI 1000 head R 683 783 776 746 733 865 764 
1000 head P 671 757 780 741 749 820 765 
VII 1000 head R 1,493 1,743 1,689 1,480 1,396 1,685 1,346 
1000 head P 1,408 1,650 1,609 1,488 1,496 1,568 1,470 
Pork production 
First quarter rail. lbs. R 2,210 2,526 2,887 2,621 2,507 2,825 2,977 
(carcass wt. ) P 2,235 2,615 2,934 2,522 2,375 2,790 2,979 
Second quarter mil. lbs. R 1,933 2,138 2,395 2,300 2,254 2,478 2,568 
(carcass wt. ) P 1,926 2,118 2,300 2,234 2,250 2,568 2,667 
Third quarter mil. lbs. R 1,937 2,268 2,286 2,178 2,114 2,441 2,274 
(carcass wt. ) P 1,994 2,128 2,178 2,i4I 2,254 2,560 2,419 
Fourth quarter mil. lbs. R 2,846 3,178 2,901 2,738 2,812 3,237 2,803 
(carcass wt. ) P 2,777 3,166 2,872 2,682 2,739 3,213 2,798 
Table 29. (Continued) 
Variable Unit Reported 
or 
Predicted 195k 1955 1956 1957 1958 1959 i960 
Live Hog price 
(annual average) 
Dollar 
Dollar 
R 
P 
23.48 
22.60 
l6.4l 
17.15 
15.53 
16.00 
18.92 
19.73 
21.02 
21,2k 
15.22 
15.12 
16.65 
15.96 
\J\ 
Table 30, Reported and predicted values of endogenous variables of the hog-pork economy, U. S. and 
regional, 196I-62 
Variable 
and year 
Unit Reported 
or 
Predicted U.S. I II III IV V VI VII 
Sows on hand, Jan. 1 
1961 
1,000 head 
1,000 head 
R 
P 
7,830* 
8,551 
144* 
159 
2,359* 
2,345 
3,769* 
3,910 
1,131* 
1,569 
254* 
362 
85* 
106 
80' 
101 
Spring farrowing 
Dec.-May, I96I 
1,000 head 
1,000 head 
R 
P 
7,032 
7,026 
122 
114 
2,149 
2,142 
3,427 
3,422 
972 
978 
220 
225 
70 
65 
72 
80 
Fall farrowing 
June-Nov., I96I 
1,000 head 
1,000 head 
R 
P 
5,968 
6,006 
113 
119 
2,010 
1,803 
2,584 
2,506 
900 
1,120 
227 
303 
69 
74 
65 
80 
Commercial hog 
slaughter 
Jan.-June I961 1,000 head 
1,000 head 
R 
P 
38,509 
39,381 
3,746 
3,948 
9,224 
10,009 
16,244 
16,336 
5,748 
5,270 
1,399 
1,524 
770 
798 
1,378 
1.498 
July-Dec., 1961 1,000 head 
1,000 head 
R 
P 
38,826 
39,911 
3,763 
4,020 
9,055 
9,131 
16,908 
17,341 
5,503 
5,602 
1,431 
1,553 
748 
801 
l,4l8 
1.463 
Jan.-June, 1962 1,000 head 
1,000 head 
R 
P 
39,882 
40,874 
3,563 
3,706 
9,707 
9,855 
16,716 
16,920 
5.978 
6,315 
1,496 
1,530 
876 
918 
1.546 
1.630 
Pork production 
Jan.-March, 196I 
mil. lbs. 
mil. lbs. 
R 
P 
2,747 
2,791 
April-June, I96I mil. lbs. 
mil. lbs. 
R 
P 
2,596 
2.507 
r-
July-Sept., 1961 mil. lbs. 
mil. lbs. 
R 
P 
2,404 
2,481 
Table 30. (Continued) 
Variable Unit Reported 
and year or 
Predicted U.S. 
Oct.-Dec., 1961 mil. lbs. R 2,977 
mil. lbs. P 3,055 
Jan.-March, 1962 mil. lbs. R 2,891 
mil. lbs. P 2,967 
April-June, 1962 mil. lbs. R 2,7^ 9 
mil. lbs. P 2,653 
Live hog price 
Jan,-March 1961 dollar R 18.16 
dollar P 17.65 
April-June 196I dollar R 17.46 
dollar P 16.9k 
July-Sept., 1961 dollar R 18.37 
dollar P 17.44 
Oct.-Dec., 1961 dollar R 17.11 
dollar P 16.65 
Jan.-March 1962 dollar R 17.11 
dollar P 15.14 
April-June, I962 dollar R 16.65 
dollar P 15.30 
II III IV V VI VII 
Table 30. (Continued) 
Variable 
and year 
Unit Reported 
or 
Predicted U.S. 
Total civilian pork 
consumption 
Jem.-March, 1961 
April-June, I961 
July-Sept., 1961 
Oct.-Dec., 1961 
Jan.-March, 1962 
April-June, I962 
Per capita pork 
consumption 
Jan.-March, I961 
April-June, 1961 
July-Sept., 1961 
lbs. 
lbs. 
lbs. 
lbs. 
lbs. 
lbs. 
lbs. 
lbs. 
lbs. 
lbs. 
lbs. 
lbs. 
lbs. 
lbs. 
lbs. 
lbs. 
lbs. 
lbs. 
R 
P 
R 
P 
R 
P 
R 
P 
R 
P 
R 
P 
R 
P 
R 
P 
R 
P 
2,642 
2,639 
2,566 
2,562 
2,472 
2,500 
2,867 
2,796 
2,784 
2,963 
2,702 
2,746 
14.7 
15.0 
14.3 
14.2 
13.7 
14.4 
f 
II III IV V VI VII 
Table 30. (Cont inued) 
Variable Unit Reported 
and year or 
Predicted U.S. I II III IV V VI VII 
Oct.-Dec., 1961 lbs. R 15.8 
lbs. P 15.U 
Jan.-March, I962 lbs. R 16.2 
lbs. P 15.3 
April-June, 1962 lbs. R 14.8 
lbs. P 15.1 
®Ntunber of sows on hand, reported after adjustment made by U.S. Department of Agriculture in 1961. 
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Table 31. Index of dispersion and turning point errors 
Variables Index of Turning point 
dispersion errors 
Sows on hand, Jan. 1 
U.S. 0.009k 0/7 
I 0.0169 1/6 
II 0.0166 2/5 
III 0.0093 0/7 
IV 0.0160 1/6 
V 0.0278 2/5 
VI 0.0010 0/7 
VII 0.0018 0/7 
Sows farrowing, spring 
U.S. 0.0058 0/7 
I 0.0096 0/7 
II 0.0077 1/6 
III 0.0078 0/7 
IV 0.001k 0/7 
V 0.0278 1/6 
VI 0.0021 0/7 
VII 0.0019 0/7 
Sows farrowing, fall 
U.S. 0.0097 0/7 
I 0.0012 1/6 
II 0.0093 0/7 
III 0.0161 0/7 
IV 0.0135 1/6 
V 0.0362 0/7 
VI 0.0800 1/6 
VII 0.0727 0/7 
Commercial hog slaughter, spring 
U.S. 0.0075 0/7 
I 0.0145 1/6 
II 0.0060 0/7 
III 0.0133 0/7 
IV 0.0299 1/6 
V O.OklO 0/7 
VI 0.0207 1/6 
VII 0.0083 0/7 
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Table 31. (Continued) 
Variables Index of Turning point 
dispersion errors 
Commercial hog slaughter, fall 
U.S. 0.0061 0/7 
I 0.0209 0/7 
II 0.0065 1/6 
III 0.0108 0/7 
IV 0.0243 1/6 
V 0.0255 1/6 
VI O.OlOk 2/5 
VII 0.0307 1/6 
Commercial pork production 
First quarter 0.0131 1/6 
Second quarter 0.0136 2/5 
Third quarter 0.0255 1/6 
Fourth quarter 0.0076 0/7 
Annual live hog price 0.0172 0/7 
122 
more than two percent between the reported and predicted values would pre­
sent a substantial deviation in absolute value. Undoubtedly, a low degree 
of accuracy in estimating these endogenous variables would result in an 
unacceptable value in the estimate of total and per capita pork consumption, 
from which the quarterly live hog price is derived. 
The performance of the model in short-run predictions was deemed 
satisfactory, considering the degree of accuracy needed for each variable. 
The index of dispersion is below 2 percent for all aggregate variables and 
for all the major hog and pork producing regions — East Northcentral, 
West Northcentral and Southeast regions. All the turning point error 
ratios are satisfactory for both regional and aggregate variables. 
For 1961, the predicted values for sows on hand, January 1, is the 
only unsatisfactory result. This large difference between reported and 
predicted values is attributed to (a) the low coefficient of correlation 
(of 0.723), indicating that the variation in the dependent variable can 
also be explained by other variables, and (b) the readjustment of the 
reported value with the revised method of enumeration by the U.S. Depart­
ment of Agriculture in I96I. The 19^ 9 to I96O data used for the computa­
tion of regression coefficients included these unrevised series. However, 
by using the revised reported value of sows on hand as one of the explana­
tory variables for spring sows farrowing, the statistical results and 
predictions are improved. 
The third quarter pork production is the only poor result in I96I, 
Since the third quarter of the calendar year is historically low for hog 
marketing and slaughtering, it is of less importance than the other three 
quarters. 
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An examination of Tables 29 and 30 shows a close fit between the 
reported and predicted values of the live hog price for 195^  to i960. The 
quarterly predicted values of I96I are about 50 cents per hundred-weight 
below the reported values for the first, second and fourth quarters. After 
1961, the live hog price veered downward and away from the reported values. 
The predicted values of the per capita civilian pork consumption 
appear to be satisfactory. Only about one half of a pound variation from 
the reported value was obtained in the fourth quarter, and less than two-
tenth of a pound for the first three quarters. The results are similarly 
good for total civilian pork consumption in I96I, The predicted values 
deviated from the reported values for the first three quarters by 0.11, 
0.16 and 1.1 percent, respectively. For 1962, again, both the aggregate 
and per capita pork consumption deviated downward from the reported values. 
The same pattern prevailed for the major regions. 
The above defects in generating predictions can be attributed to two 
major reasons. Firstly, there is a snow-ball effect of having an imperfect 
series of estimates accumulating geometrically as the process of generating 
future estimates continues. Since the generating of one variable depends 
on the variable(s) to be generated previously, the longer this process goes 
on, the larger is the number of variables involved, the more serious is the 
built-in defect of the recursive system, and the less dependable the pre­
diction become for decision making purposes. Thus, it is not advisable to 
attempt to use the forecast model for long-run predictions. 
However, a remedy can be made to improve this defect to some extent. 
It was established that the ultimate purpose of this recursive system is for 
short-run forecasting. Also, the results for four time periods 
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immediately following the base time period (19^9 to I96O in this study) 
were found to be satisfactory. Then, using some recent advancements in 
data processing techniques, a program can be written to recompute the 
regression coefficients, including immediately the most current statist­
ical data. Based on the constantly new coefficients, and barring any 
sudden drastic changes in the structure and other exogenous variables, 
accumulative errors caji be reduced to manageable size. 
An inadequate estimating procedure for ending pork stocks consti­
tuted the second major short-coming of this study. Equation 3.12 in Chap­
ter III specified that total civilian pork consumption can be obtained 
from the total pork supply, substracting exports, military pork consump­
tion and pork ending stock. Of these three outlets for pork, exports 
remains a stable and negligible amount, and military pork consumption 
shows even more stability. Thus, total civilian pork consumption hinges 
heavily on the accuracy of the estimation of ending stock, A function­
al relationship of simple linear form was used. The coefficients are 
as follows : 
aL, = -8.277 + 0.379** Aq' , r=0.8L 
" (0.0k) " (5.13) 
where 
= quarter-to-quarter change in pork ending stock, in millions 
of pounds, in t-th period; 
t 
= quarter-to-quarter change in total pork production, in millions 
of pounds, in t-th period. 
The first difference approach may have a tendency toward explosive 
oscillation. When the absolute amount of total pork production grows 
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larger and larger through time, the season-to-season difference also grows 
larger. This, in turn, intensifies the even wider and wider oscillation 
of the quarter-to-quarter change in ending stock above and below the zero 
axis. 
It is believed that a multi-variable, non-first-difference functional 
relationship should be developed for more accurately ending stocks. 
Further, the variable of ending stock should be treated as one of the 
major endogenous variables, since it does constitute a very important link 
in the recursive chain. 
In general, the overall ability of a recursive model to generate 
short-run predictions of selected variables in the hog-pork economy is 
considered satisfactory. Further, the significant statistical results 
indicate that the interrelationships and the interdependencies of the major 
endogenous variables are successfully explained and identified by a 
system of multi-variable, single equations within the framework of a recur­
sive system. 
Comparison with other studies 
A study of the hog-pork economy was reported by Harlow in I962 (20). 
The basic structures of this model and the Harlow model are almost identi­
cal. First, it is hypothesized that the hog-pork economy has a cycle of 
four years in length, due to the lagged reaction among the major parameters. 
It is further hypothesized that the relationships among the major para­
meters in the hog-pork economy are of causal unilateral dependency. Thus, 
short-run prediction can be generated from historical time series data. 
Moreover, the models are formed by single, linear equations with multiple 
variables. Finally Harlow used the period of 19^ 9 to 1959» predicting 
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i960 and 1961, while this study used the period of 19^ 9 to i960, predict­
ing for 1961 and I962. 
The major difference between these two models is that Harlow consider­
ed only one price-quantity relationship in explaining changes in hog and 
pork supplies, but he did not differentiate between retail, wholesale and 
primary market levels. In other words, he hypothesized that it is suffieci-
ent to depict the pork retail price as a function of pork production, beef 
production, pork stocks and other exogenous variables, without directly in­
volving final demand or consumption. Pork retail price is used to serve as 
an explanatory variable for live hog price, which in turn is to explain 
sows farrowing. This limitation in the scope of the Harlow model can be a 
serious short-coming which may have contributed to the inferior predictions 
in his study. 
In this study, pork stocks were used as exogenous variables, Harlow 
included pork stocks as an endogenous variable in his model with highly 
satisfactory statistical results. 
Another difference in Harlow's model from the model in this study 
is that the hog cycle in the Harlow model start with sows farrowing and ex­
cluded hog inventories. In light of the significant statistical results of 
2 the sows farrowing equation and the relatively low R for the sows on hand, 
January 1, the elimination of the hog inventory variable from the recursive 
system does not seem to be too much a handicap. In addition, quarterly 
data were used for all equations in the Harlow study. 
Six endogenous variables were used in his study. They are: sows 
farrowing, hog slaughter, pork production, pork stocks, pork retail price 
and live hog price. A comparison of the predicted and reported values of 
these variables for 196O and I96I is summarized in Table 32. Though the 
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Table 32. A compaison of empirical results, percentage difference of 
predicted value from reported value, 1960 and 1961 
Variable, year Harlow Liu 
and quarter (percent) 
Sows farrowing 
1960 1 13.1 
2  2 . 6  
3 1.4 
4 -15.2 
1961 1 4.3 
2 - 3.0 
3 2.6 
4 0.8 
Hog slaughter 
1960 1 7.8 
2 -2.2 
3 -10.4 
4 6.8 
1961 1 11.7 
2  -  . 0  
3 -9.2 
4 4.6 
0.3 
0.4 
0 . 1  
-0 .1  
—0.8 
1.3 
-2.3 
-2 .8  
Pork production 
1960 1 6.0 -0.1 
2 -5.6 -3.6 
3 -12.1 -22.2 
4 1.4 0.2 
1961 1 9.0 -1.6 
2 2.9 3.6 
3 9.7 -3.1 
4 1.0 -2.2 
Live hog price 
1960 1 -2.5 -4.7 
2 -3.9 -5.4 
3 4.9 -3.9 
4 -2.2 -2.9 
1961 1 -6.9 2.9 
2 3.5 3.1 
3 3.4 5.3 
4 1.6 2.8 
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statistical results for both this model and the Harlow model are highly 
significant, the predictive accuracy of this model is slightly superior 
in overall performance. 
A final discussion should be made regarding the use of a simulation 
model in forecasting, as compared with the model used in the study. A 
simulation model can be based on a recursive mechanism (8b) for fore­
casts; however, the simulation model is generally regarded as a device 
to provide information for macro-decision making. It has the advantage 
of being able to modify assumptions and to specify a changing set of 
relationships that direct the behavior of such variables as the number 
of firms in the industry, the size of labor force, and other market 
structural variables, A simulation model involves an element of normative 
analysis, since the assumptions can be modified and the market behavior 
relationships can be specified accordingly. Thus, the simulation model 
is more applicable as a guideline for public policy making and public 
planning, and less as a means of short-run forecasting. This is in con­
trast with the objectives and hypotheses used in this study, though the 
techniques used can be the same. 
Programming Model 
In Chapter II, the theoretical framework of the spatial equilibrium 
model used in obtaining a series of optimum product flows was discussed. 
The mathematical model and the least cost solutions of pork interregional 
shipments for first quarter, I96I to second quarter, I962 were presented 
in Chapter IV. 
Results derived from a normative analysis represent the primal and 
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optimum solution, offering a goal of economic efficiency toward which 
economic activities may move, but never reach. However, presently there 
are no data or statistics, either primary or secondary, on interregional 
pork shipments, except those generated by various studies in interregional 
competition, which usually involve highly specific structural assumptions 
and findings. This programming model can be evaluated therefore by 
analyzing its contribution and limitations, making suggestions for future 
research, and finally, discussing with reference to other studies. 
Two features of this study can be regarded as contribution. Firstly, 
by using the quarterly model, the problem of pork stored more than one time 
period is considered. Generally, homogeneity is assumed within any dec­
ision unit. For example, per capita pork consumption in the U.S. is a sim­
ple arithmetic quotient of the total pork consumption in the U.S. divided by 
the total U.S. population, without taking regard to the regional difference 
in pork consumption. 
Theoretically each decision unit should be as small as possible so 
that the cross sectional effect will not be hidden under the assumption 
of homogeneity. In a model using annual data, the distinct seasonal diff­
erences in pork production, as contrasted to the more stable pork con­
sumption pattern, is not considered. Historically, the second quarter 
and especially the third quarter of the calendar year are the low pork 
producing periods. Inasmuch as fresh pork is rarely stored more than six 
months, pork produced in (t-2) period must be exhausted in (t) period, 
while pork produced in (t-1) period can be placed in ending stock for two 
time periods. 
Thus, a model of optimum product flows, the two or more regions in 
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the model are separated not only by transportation cost differentials, but 
also by storage cost and seasonal price differentials. 
The second feature of this model is that it seeks to incorporate a 
forecasting model within a programming framework, using forecasts from 
the former as restrictions in the latter. The initial advantage of this 
measure is that the restrictions predicted by the forecasting model in 
this study are superior to the provisional estimates used in most of the 
spatial equilibrium studies. Thus, more reliable programming results are 
obtained. 
This combination also broadens the applicability of the forecasting 
model from mainly providing information for micro-decision making to also 
providing Information of a macro-economic nature. The forecasting model 
can be utilized as a simulation model, for example, by the feedback of the 
results from the programming model as the ingredients for generating 
"normative" forecasts. 
The short-comings of this study are many-fold. The scope of the 
programming model is too narrow, for example, inasmuch as it is restricted 
to only interregional pork shipments. A multi-dimensional framework, in­
cluding feeding and slaughtering phases of the hog-pork economy, is 
desirable. The assumptions of uniform regional prices, slaughter costs, 
storage costs, and unrestricted slaughter and storage capacity are un­
realistic. Further, a single program should be written for obtaining the 
six least-cost solutions, instead of solving them one at a time. 
Studies by Rohdy (53) and Rizek (52) should be discussed briefly since 
some of the limitations of this study were also mentioned in the former. 
Rohdy used a two dimensional framework, including the phases of hog 
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slaughtering and pork consumption in determining the interregional compe­
titive position of the Southeast in the U.S. The geographical focus of the 
Rohdy study is Southeast. The U.S. is divided into 22 regions. Six of the 
22 regions are the same as in this study, namely. Northeast, East North-
central, West Northcentral, West Southcentrai. Mountain and Pacific. 
Louisiana, Tennessee, Kentucky, and West Virginia are considered as four 
separate regions, but not regarded as part of the Southeast. The remaining 
12 regions are in the Southeast. 
Quarterly solutions for i960 and 1970 were obtained in the Rohdy 
study. It was hypothesized that for the I960 solutions the slaughtering 
costs are 75 cents lower in the Southeast than that in the other regions. 
By 1970 there would be no regional differences according to the assumptions. 
Normative transportation costs were used for 1970. Slaughtering capacity 
was included for I96O and 1970. 
It was concluded that, due to the lower slaughtering costs in 1960, 
the Southeast was able to procure hogs from the West Northcentral region 
and to sell pork to the Northeast. In 1970, no slaughter hogs were shipped 
in and no pork was shipped out because of the normative transportation 
costs and the zero differential in slaughtering costs. 
One distinct feature of Rohdy's study is that all hog and pork sup­
plies in each region in the Southeast are allowed to shift to least-cost 
locations. The model does not "net out", however, to establish surplus 
and deficit regions before the solution are calculated. Also because of 
the different transportation centers for hog supply, hog slaughter and 
pork consumption, some regions in the Southeast shipped their entire 
supply of hogs and pork to other regions and then shipped in hogs and pork 
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from other regions to meet their regional demands, 
Rizek also used a two dimensional model, including hog slaughtering 
and pork consumption, in an attempt to handle the problem of simultaneously 
minimizing hog processing and pork shipment costs, of estimating hog 
slaughter capacity, and of combining regional consumption, slaughter 
capacity and transfer costs as constraints that determine levels of 
slaughter, and amount and direction of hog and pork shipments in the 
least-cost solutions. Solutions for 1955 and i960 were calculated but 
presently the 196O solution is not available. However, the 1955 solution 
for the interregional pork shipments shows the same pattern as in this 
study. 
Forecast Feedback 
The general objective of the short-run forecasting model is to pro­
vide information regarding the major variables in the hog-pork economy for 
use in decision-making and in reducing marketing and pricing variability. 
A critical question has been raised about the effects of "forecast feed­
back" (58a) on the outcome which this model was designed to predict. In 
other words, the predicted information may play an important role in 
influencing the decision making and thus changing the variables predicted 
by this model. This is a controversial but little explored problem. 
Before discussing the impacts of forecast feedback, several prelimi­
nary comments should be made. Firstly, the problem of forecast feedback 
occurs if, and only if, the future outcome can be influenced by the fore­
casts. In more technical terms, the future outcome is not only a function 
of endogenous and measurable exogenous forces, but also of human behavior 
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that is not explicitly included in the exogenous variables. Any socio­
economic analysis involving the human element is of this type. An ex­
ample of the opposite is the law of compound interest. 
Secondly, this effect is a problem if, and only if, the forecasts are 
widely known and confidently accepted (or rejected) by the decision maker, 
and corrective measures are taken as the result of this knowledge. 
Thirdly, the objective of providing forecasts to improve decision 
making becomes self-defeating if, and only if, it causes the future out­
come to move in the "wrong" direction, even if it is accurate at the time 
and under the circumstances existing when the forecast was made. One 
example is that the public may panic and consequently incur higher death 
losses because of predictions of forthcoming tornados. 
The reliability of the information obtained from the short-run fore­
casting model is a function of human behavior inasmuch as the future out­
comes will change because of reactions to the forecasts (11, ^ 5), At the 
present time, the outlook information published by the U.S. Department of 
Agriculture and state extension agencies, though widely accepted and used 
by hog producers and firms at the local and wholesale market level, is not 
accepted as absolutely precise. Thus, the decision making in the produc­
tion of hogs and pork is a combination of past experience, speculation, 
and the trial-and-error process. 
However, assuming that the predicted information generated from this 
study, or a more sophistic model developed in the future, is widely accept­
ed by intelligent and rational decision makers, it is suggested that the 
forecast feedback effect will not be so great as to render the results com­
pletely useless. Firstly, the definition of "short-run" in this study means 
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one marketing and production period. For hog and pork production, the 
production and marketing sequence is slightly more than a year, starting 
with the breeding of sows and ending with the slaughter of fed hogs. 
Further, by definition, the size of the firm does not change in the short-
run. Because of the nature of almost all agricultural production, once the 
production plan is made and executed, it would be very difficult to increase 
or decrease the amount. Secondly, as contrasted to outcome if there were 
only one hog and pork producer, the occurrence of a very large number of 
decision makers in the hog-pork economy tends to reduce the effect of a 
multitude of individual adjustments. Thirdly, the actual outcome may re­
sult in not-so-great net adjustments, depending how strongly the decision 
makers like or dislike the predicted outcome and how much they react to 
it. Fourthly, by using the electronic computer, short-run forecasts can 
be provided without time lag, this tending to reduce speculative over-
adjustments. Finally, if the estimating error is published, an intelligent 
and rational decision maker accordingly can make appropriate allowances 
in his adjustments. 
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CHAPTER VI. SUMMARY AM) CONCLUSION 
A cyclical component and a seasonal component are notably involved in 
the short-run variability of production and prices in the hog-pork sector. 
The involving of the two components is due to the lag between the time of 
the decision made for production and the time when hogs are transformed 
into consumable form, causing a four year hog cycle and variation of pork 
production within a calendar year. This variability lowers labor product­
ivity and requires substantial excess capacity for the various segments 
in the hog-pork economy. Production variability also affects the consumer 
satisfaction adversely by constant change in pork prices and available 
pork supply. Further, the instability of hog prices may be attributed 
partly to changing short-run pattern of interregional competition in the 
hog-pork economy. 
With the reduction of the short-run production and pricing instability 
by providing relevant information for decision making at various levels as 
the ultimate goal, the specific objectives of this study are (a) to ident­
ify various interrelationships and interdependencies among the major para­
meters in the hog-pork economy, (b) to develop forecasting procedures to 
predict future hog and pork production, prices and consumption, both agg­
regately and regionally, and (c) to devise mathematical programming pro­
cedures that can yield optimum patterns of interregional pork shipments. 
Upon examination of historical statistics of the major variables des­
cribing the pork economy, it was hypothesized that their interrelationships 
can be identified and the explanatory power of various determinants of 
these variables can be estimated by using multiple regression techniques 
based on time series data. It was further hypothesized that the relation­
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ships among the variables are of a unilateral causal dependence and, hence, 
of recursive order. Thus, short-run forecasts can be generated for each 
of the endogenous variables. Finally, the hypothesis is tested that optimum 
pork interregional flow patterns, using linear programming technique and 
based on the forecasting results, can he established with respect to trans­
fer costs, and seasonal variation in pork production, consumption and end­
ing stocks. 
The U.S. was divided into seven regions. For both the U.S. and each 
region, time series data for the 19^ 9 to I960 period were used to compute 
the statistical coefficients. For the period from the first quarter, I96I, 
to the second quarter, 1962, forecasts were generated. Annual, semi-annual 
and quarterly models were constructed for (a) sows on hand, January 1, (b) 
sows farrowing and hog slaughter, and (c) pork production, prices and 
consumption. 
The correlation coefficients are over 85 percent for almost all equa­
tions at national level. A majority of the regression coefficients for 
aggregate variables are significantly different from zero at or less than 
the 5 percent probability level. Similar results by region were obtained 
for major hog and pork producing regions, namely. East Northcentral region. 
West Northcentral region and Southeast region. 
Tests of turning point error and dispersion of the predicted value 
from the reported value, for the period of 195% to i960, show that the 
results are quite acceptable — below 1 or 2 percent, for all aggregate 
endogenous variables and endogenous variables of all major regions. 
For the period, first quarter, I96I to fourth quarter, I961, 
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comparisons were made between results of this study and of five naive 
models for two variables — hog slaughter and live hog price. Percentage 
difference between the predicted and the reported values were computed 
for the period of first quarter, I96O to fourth quarter, I96I, so that 
they could be compared with the results from the Harlow study» Only three 
out of 2k percentage differences are considerably higher than that of the 
Harlow study, and the values for sows farrowing and hog slaughter are sub­
stantially smaller in this study. Thus some improvement was obtained in 
the predictive accuracy of the short-run forecasting models over comparable 
models in earlier studies. 
The same regional delineation and forecasting period was used in the 
programming model. Because of seasonal variation in the pork production 
and stocks, it was considered that, in addition to the transportation costs, 
storage costs and net losses due to seasonal price changes also must be 
involved in the determination of least-cost, interregional shipment pat­
terns. The inclusion of storage costs and net seasonal price losses, plus 
the use of the forecasting model results as constraints, yields normative 
results that can be used in production planning and working-force sched­
uling. 
In the least-cost solution, the East Worthcentral region and the West 
Northcentral region are the pork surplus regions. The West Northcentral re­
gion is by far the largest surplus region with more than 80 percent of its 
pork supply as surplus. The Northeast region supplies about one-third of 
its own demand and procures about one-third of its supply from the East 
Northcentral region and another third from the West Northcentral region. 
Though the East Northcentral region is a pork surplus region, its surplus is 
138 
quite small relative to its total pork supply, and it ships all its surplus 
to the Northeast region. After satisfying the deficit in all pork deficit 
regions, the Wïest liorthcentral region holds the remaining seasonally sur­
plus pork as ending stock for later shipment and consumption. Since the 
West Northcentral region has all the remaining pork surplus as ending 
stocks, its net current supply reflects the seasonal variation of pork 
supply from qvaarter to quarter. This, in turn, affects the least-cost 
solution for interregional pork shipment patterns in the subsequent periods. 
At this point, several comments should be re-emphasized and re­
iterated in summarizing and concluding this study. Firstly, after the 
forecasting procedures in this study were compared with the naive models and 
the Harlow study, it was concluded that the predictive accuracy of the 
former exceeded that of the latter. This superiority in forecasting 
short-run pork production, prices and consumption provides a more reliable 
and complete s:et of constraints for the programming of the least-cost 
interregional pork shipment patterns than the estimating procedures 
for the same constraints used in the studies by Rohdy (53) and Rizek (52), 
One other major contribution of this study is to take into considera­
tion the seasonal variation in pork production, which results from the 
time lag between pork production and pork consumption, and consequently 
accounts for the problem of storage costs and variable price differential 
through time. With the basic programming procedure formulated, it can be 
expanded without much difficulty to include the hog slaughter phase with 
regional slaughter costs, regional slaughtering capacities, regional stor­
age costs, regional storage capacities and regional hog and pork prices. 
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Further, the combined forecasting and programming procedures can be 
more effective by utilizing modern data processing technique to include 
the most recent data for recomputing the coefficients. Thus, by use of 
this "feedback" procedure, improved forecasts and estimates are possible 
for decision makers. 
Finally, it should be emphasized that the application of the expanded 
programming procedures is not limited to just viewing each region as a 
decision unit. This framework can be broadened for other analytical pur­
poses. For example, under the assumption of perfect competition in market 
structure, the procedures can be applied to a multiple-plant firm in the 
meat packing industry in obtaining the least-cost solutions for inter-
plant shipments. 
If the assumption of perfect competition is relaxed, then the mul-
tiple-plant firm faces a downward sloping demand curve. The decrease In 
price when pork production rises, must be considered as part of the cost 
function for obtaining a least-cost solution for inter-plant shipping 
patterns. Thus, it provides useful information for micro-decision-making 
with reference to the planning of hog and pork production and seasonal 
scheduling of the work force. 
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